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DISCLAIMER 

This  report  was  prepared  for  the  Ontario  Ministry  of  the 
Environment  and  Environment  Canada.   The  views  and  ideas  expressed 
in  this  report  are  those  of  the  author  and  do  not  necessarily 
reflect  the  views  and  policies  of  the  Ontario  Ministry  of  the 
Environment  or  Environment  Canada,  nor  does  mention  of  trade  names 
or  commercial  products  constitute  endorsement  or  recommendation 
for  use . 


SUMMARY 

Environment  Canada  and  the  Ontario  Ministry  of  the  Environment  (MOE)  have  recognized 
the  need  for  development  of  effluent  discharge  limits  for  sewage  treatment  plants  (STPs) 
in  support  of  the  goals  of  MOE's  Municipal  and  Industrial  Strategy  for  Abatement 
Program  (MISA).  While  provincial  water  quality  objectives  can  provide  the  basis  of 
chemical  limits,  the  acute  lethality  rainbow  trout  and  Daphnia  magna  tests  are  the  only 
formal  measures  of  effluent  toxicity  in  the  province. 

This  report  reviewed  the  toxicity  data  available  for  treated  effluents  from  STPs  located 
in  Ontario  and  other  provinces  to  determine: 

o  whether  STPs  could  be  categorized  with  respect  to  effluent  toxicity 
according  to  plant  type  (i.e.,  primary,  secondary  and  lagoon)  and  process 
performance  measured  in  terms  of  BOD^  and  ammonia  removal;  and 

o  what  categories  of  plants  should  be  evaluated  through  field  sampling  and 
testing  to  provide  the  toxicity  database  that  would  allow  the  development  of 
achievable  toxicity  limits  for  each  plant  category. 

Review  of  toxicity  and  process  data  for  plants  indicated  that: 

o  Effluent  toxicity  data  for  plants  with  only  primary  treatment  were  found  to 
be  limited,  especially  for  Ontario.  The  available  Ontario  and  Western 
Canada  primary  STP  data  indicate  primary  effluents  are  generally  acutely 
lethal.  Secondary  and  lagoon  treatment  plants  produce  effluents  of  variable 
quality.  It  would  seem,  therefore,  that  lethality  is  not  related  simply  to  the 
type  of  treatment  process  involved  (i.e.,  primary,  secondary  or  lagoon),  but 
to  conditions  specific  to  each  plant  as  well. 

o  Although  only  four  Ontario  STPs  have  been  investigated  with  respect  to 
their  effluent  effects  on  receiving  waters,  all  four  have  demonstrated  some 
degree  of  fish  lethality  in  the  effluent  plume.  Tests  at  Western  Canadian 
STPs  also  showed  that,  under  some  conditions,  in-stream  lethality  can  occur 
due  to  the  effluent  chlorine  disinfection  step. 

o  Ammonia  toxicity  has  been  demonstrated  in  laboratory  tests  of  STP 
effluents   in   Ontario.      Chlorine    toxicity   in   effluents   has  been   shown   in 


continuous-flow  tests  in  the  laboratory,  as  well  as  in  in  situ  field  studies. 
Conventional  static  bioassays  allow  dissipation  of  total  residual  chlorine  and, 
therefore,  result  in  an  inaccurate  reflection  of  its  toxic  potency.  At  some 
STPs,  other  toxic  components  may  be  involved  (i.e,  metals,  surfactants, 
organics,  etc.), 

o  The  amount  of  receiving  water  dilution  available  for  an  effluent  will 
determine  the  downstream  area  where  toxic  effects  will  be  observed. 
Estimated  instantaneous  dilution  factors  for  several  Ontario  STPs  suggest 
that  there  are  undoubtedly  some  plants  which  will  generate  substantial  toxic 
impact  zones.  The  physical  and  chemical  characteristics  of  each  receiving 
water  body  may  also  affect  the  toxicity  of  various  components  of  the 
effluent,  as  well  as  their  persistence. 

o  Biological  tests  of  treatment  plant  effluents  can  reliably  predict  whether 
the  receiving  waters  are  affected  by  the  discharge.  Acute  and  chronic  tests 
with  a  variety  of  representative  receiving  water  species  provide  a  good 
estimation  of  field  effects. 

o  Process  operating  efficiency,  as  measured  in  terms  of  total  NH3-N  seems  to 
be  a  more  reliable  determinant  of  effluent  lethality  than  the  type  or  amount 
of  industrial  input.  However,  the  data  available  for  this  review  on  industrial 
inputs  were  limited. 

o  Both  high  total  ammonia-N  concentrations  and  poor  BOD^  removal 
efficiency  may  be  responsible  for  the  toxic  effluents  from  primary  plants. 

o  In  secondary  plants,  in  spite  of  high  BOD^  removal  efficiencies  (e.g.,  greater 
than  80%),  effluents  were  frequently  toxic  if  the  total  ammonia-N 
concentration  exceeded  10  mg/L.  This  was  very  often  the  case  during 
winter  operation,  with  high  total  ammonia-N  levels  apparently  resulting 
from  reduced  nitrification  at  lower  wastewater  temperatures. 

o  Effluent  toxicity  associated  with  lagoon  operation  was  most  frequently 
associated  with  both  high  total  ammonia-N  concentrations  and  poor  BOD^ 
removal  efficiency,  rather  than  with  high  total  ammonia-N  concentrations 
alone.  As  with  the  primary  effluents,  the  toxicity  may  be  due  to  ammonia 
or  other  toxicants  such  as  hydrogen  sulphide. 

o  The  chlorination  of  effluents  may  also  result  in  sublethal  impact  on  aquatic 
biota  in  receiving  environments. 

o  Information  on  sublethal  or  chronic  toxicity  of  treated  STPs'  effluents  was 
limited  in  the  literature. 


This  report  recommends  that  an  intensive  evaluation  of  STP  effluent  toxicity  be 
completed  on  selected  plants  from  each  identified  category  that  are  representative  of 
good  operational  performance  (e.g.,  total  ammonia  is  less  than  10  mg/L,  BOD  reduction 
greater  than  80%,  and  hydraulic  loading  does  not  exceed  design  capacity).  The  following 
items  should  be  incorporated  in  the  effluent  evaluation  study: 

o  in  future  municipal  effluent  toxicity  testing  efforts,  an  attempt  should  be 
made  to  verify  the  apparent  relationship  between  effluent  ammonia  levels 
and  acute  toxicity  so  a  more  precise  estimate  of  the  effluent  toxicity 
threshold  can  be  identified  and  expressed  in  terms  of  un-ionized  ammonia 
(NH-j),  which  is  the  toxic  form  of  the  total  ammonia  measurement. 

o  sublethal  or  chronic  toxicty  tests  of  effluent  quality  should  be  included  in 
the  field  program; 

o       toxic  effluents  should  be  further  analyzed  to  identify  toxic  agents;  and 

o  field  assessments  should  be  completed  to  quantify  the  TRC  impact  on  the 
receiving  environment  and  calibrate  results  with  laboratory  toxicity  tests. 

This  evaluative  approach  to  describing  the  effluent  quality  of  plants  which  typically 
demonstrate  good  operational  performance  will  identify  achievable  effluent  limits 
expressed  in  terms  of  acute  and  chronic  toxicity. 
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I.O  INTRODUCTION 


1.1  Preamble 


The  Ontario  Ministry  of  the  Environment  has  recently  implemented  the  Municipal  and 
Industrial  Strategy  for  Abatement  Program  (MISA)  in  an  attempt  to  control  persistent 
toxics  discharged  in  industrial  and  municipal  plant  effluents  to  receiving  waters  in  the 
province.  Two  major  approaches  are  being  used  to  set  effluent  limits  in  the  MISA 
program:  the  Best  Available  Technology-based  approach  and  the  site-specific  water 
quality  control  approach.  The  water  quality  approach  will  be  determined  by  comparison 
with  compliance  to  Provincial  Water  Quality  Objectives,  actual  site-specific  evaluation 
of  receiving  environment  quality,  effluent  chronic  toxicity  results  extrapolated  to 
ambient  limits,  or  a  combination  of  these  processes.  An  economical  and  efficient  means 
of  estimating  environmental  impact  is  to  complete  a  toxicity  test  on  the  effluent 
discharged.  The  toxicity  testing  represents  a  first  approximation  of  what  biological 
impact  might  result  when  the  effluent  is  discharged  to  the  receiving  water.  Once  a 
sufficiently  broad  profile  of  effluent  toxicity  has  been  established,  then  minimum 
toxicity  performance  limits  could  be  set  for  final  effluents. 

1.2  Study  Objectives 

This  study  reviews  the  toxicity  of  municipal  sewage  treatment  plant  effluents  in  Ontario 
and  other  provinces.  All  Ontario  STPs  currently  in  operation  can  be  categorized 
according  to  their  process  and  performance  characteristics.  This  review  is  intended  to 
assist  in  the  prioritization  of  Ontario  STPs  for  the  purpose  of  conducting  a  limited 
effluent  toxicity  field  monitoring  program  during  the  municipal  sector  pre-regulatory 
monitoring  period  of  the  MISA  program.  This  will  assist  in  forming  the  basis  for 
determining  appropriate  toxicity  testing  requirements  for  different  categories  of  plants. 

The  specific  objectives  of  the  study  were  as  follows: 

o  to  conduct  a  literature  search  to  locate  all  appropriate  literature  dealing 
with  STP  effluent  toxicity  and  receiving  water  impacts  resulting  from  STP 
discharges;  particular  emphasis  was  to  be  placed  on  Ontario  studies,  but 
other  North  American  studies  were  also  to  be  utilized; 
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o       to  compile  and  tabulate  all  effluent  toxicity  data  and  associated  relevant 

chemical   monitoring   information    to  ascertain    the   importance  of  specific 

contaminants      to      the      toxicity      of      non-chlorinated,     chlorinated     and 

dechlorinated  final  effluents; 
o       individuals  knowledgeable  with  Ontario  municipal  effluents  and  treatment 

plant  operations  were  to  be  contacted  to  secure  relevant  unpublished  data 

and  information  on  individual  plant  operating  efficiency  and  frequency  of 

wastewater  treatment  system  upset  events; 
o       to  generate  maps  detailing  the  location,  treatment  system  type  and  water 

body  receiving  STP  effluent  for  all  Ontario  plants; 
o       to  determine   the  effects  of  particular   chemical  agents,   industrial  waste 

contribution  and  seasonal  changes  in  treatment  system  performance; 
o       to  categorize  all  Ontario  STPs  with  respect  to  the  proportion  of  industrial 

versus  domestic  waste  inflow;  and 
o       to  discuss  the  significance  of  effluent  chlorine  residual  in  terms  of  effluent 

toxicity  testing;  and 
o       to  discuss   the  benefits  and   limitations  of  various  effluent  dechlorination 

techniques  available  for  residual  chlorine  removal  prior  to  toxicity  testing. 

1.3  Report  Orgauiization 

This  report  has  been  organized  to  follow  a  logical  progression.  Initially,  all  available 
toxicity  data  from  tests  of  STP  effluents  in  Ontario  and  the  rest  of  Canada  were 
examined  (Sections  2.0  and  3.0).  The  toxicity  was  then  analyzed  in  relation  to  the 
physical  and  chemical  characteristics  of  the  effluent  (Section  ^.0).  In  this  manner,  the 
toxic  agents  which  were  felt  to  be  the  most  important  in  laboratory  effluent  toxicity 
studies  reviewed  were  identified.  STP  effluent  toxicity  was  then  evaluated  in  terms  of 
environmental  effects,  such  as  the  season  and  the  characteristics  of  the  receiving  water 
(Section  5.0).  In  the  next  step,  the  characteristics  of  the  waste  treatment  processes 
were  related  to  the  toxicity  results  (Section  6.0).  The  operation  of  various  types  of 
Ontario  STP  effluent  treatment  systems  and  the  specific  conditions  leading  to  the 
production/release  of  the  identified  toxic  agents  were  discussed.  It  was  then  possible  to 
categorize  all  Ontario  STPs  with  respect  to  those  process  characteristics  and  to  identify 
selected  plants  that  could  be  tested  to  describe  the  best  achievable  performance  (with 
respect  to  toxicity)  expected  of  each  category  (treatment  system  type). 
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I A  Measurement  of  Effluent  Toxicity 

The  term  "toxicity"  refers  to  a  wide  range  of  biological  responses,  all  of  which  represent 
impairment  to  the  normal  functioning  of  an  organism  or  a  community,  A  toxic  response 
in  organisms  results  from  a  critical  exposure  to  chemicals,  compounds  or  a  change  in  the 
physical  environment.  Typically,  industrial  and  municipal  effluent  discharges  contain  a 
number  of  contaminants,  some  of  which  may  exceed  their  known  individual  toxic  level. 
However,  in  a  complex  effluent  mixture,  the  presence  of  one  contaminant  can  increase 
or  decrease  the  toxic  effect  of  another  contaminant.  The  interactions  among  toxicants 
will  be  as  numerous  as  the  number  and  combinations  of  contaminants  in  a  mixed 
effluent.  Therefore,  knowing  toxicant  concentrations  and  the  period  of  exposure  alone  is 
insufficient  to  precisely  predict  final  effluent  toxicity,  since  the  interactions  of 
toxicants  can  rarely  be  quantified.  On  the  other  hand,  exposing  biological  organisms  to 
complex  effluents  takes  the  guessing  out  of  estimating  the  toxicity  of  individual 
compounds  the  the  interaction  with  other  contaminants. 

The  simplest  way  to  estimate  the  toxicity  of  a  liquid  effluent  in  a  receiving  water  is  to 
conduct  a  laboratory  toxicity  test  using  standard  test  organisms  and  test  protocol.  The 
organisms  used  are  representative  of  those  expected  to  inhabit  the  receiving  water,  e.g., 
fish,  invertebrates  and  algae.  The  organism  responses  monitored  to  determine  toxicity 
include  lethality,  impaired  growth,  impaired  reproduction  or  impaired  physiological 
function.  The  laboratory  test  is  more  economical  than  similar  tests  that  might 
alternatively  be  conducted  in  the  actual  receiving  water  using  indigenous  organisms. 

The  most  frequent  first-evaluation  of  an  effluent  is  the  determination  of  the  LC50,  a 
measure  of  acute  lethality.  This  is  the  concentration  which  causes  lethality  in  50%  of 
the  exposed  test  organisms.  Usually,  a  96-hour  test  is  used  to  determine  the  "acute"  or 
short-term  effects  on  fish,  while  a  slightly  shorter  period,  typically  'fS  hours,  is  used  for 
smaller  organisms  (e.g.,  Daphnia).  "Chronic"  tests  are  used  to  measure  long-term  effects 
on  organisms,  and  show  effects  on  growth,  reproduction,  behaviour,  etc.  and,  while  not 
directly  lethal  to  individuals,  would  contribute  to  the  demise  or  lack  of  competitive 
vigour  of  a  community,  and  therefore  result  in  ecosystem  impairment.  When  responses 
other  than  lethality  are  measured,  the  effluent  exposure  concentration  which  results  in 
an  impairment  to  50%  of  the  test  organisms  is  called  the  EC50  (concentration  which  will 
affect  50%  of  exposed  organisms). 
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Acute  and  chronic  toxicity  is  measured  by  placing  a  suitable  number  of  test  organisms  in 
effluent  diluted  with  dechlorinated  tap  or  actual  receiving  water.  The  dilutions  are  made 
following  a  logarithmic  scale.  The  percentage  of  organisms  which  have  been  affected  by 
each  effluent  dilution  is  then  plotted  on  a  probit  or  probability  scale  against  the  percent 
concentration  on  a  logarithmic  scale.  A  line  of  best  fit  is  calculated  and  the  50%  effect 
concentration  (including  95%  confidence  intervals)  is  determined.  The  results  of  effluent 
toxicity  tests  are  always  expressed  as  a  percent  volume  of  effluent  (i.e.,  %  v/v). 

1.5  Application  of  Effluent  Toxicity  Tests 

Acute  and  chronic  toxicity  tests  are  used  to  quantify  the  combined  toxicity  of  individual 
effluent  contaminants,  and  to  estimate  the  overall  effect  of  this  effluent  on  the 
receiving  water  ecosystem.  Toxicity  test  results  expressed  as  percent  effluent  can  be 
used,  together  with  hydraulic  characteristics  of  the  receiving  water,  to  estimate  the  area 
of  receiving  water  or  distance  downstream  of  a  discharge  pipe  that  may  be  toxic  to 
aquatic  life. 

1.6  Ontario  Sewcige  Treatment  Plant  Types 

In  this  study,  municipal  sewage  treatment  plants  in  Ontario  have  been  classified  as: 

o       primary  plants, 

o       secondary  plants,  or 

o       lagoons. 

Primary  treatment  plants  are  principally  designed  to  reduce  particulate  matter  in  raw 
wastewater  without  substantially  reducing  the  soluble  organic  matter  measured  as 
biochemical  oxygen  demand  (BOD^).  Treatment  is  accomplished  by  clarification  assisted 
by  chemical  flocculation.  Ammonia-nitrogen  concentrations  in  the  wastewater  are  not 
reduced  by  this  process.  The  primary  treatment  group  in  this  study  includes  both 
mechanical  primary  treatment  facilities  and  communal  septic  tanks. 

Secondary  treatment  facilities  are  those  which  use  biological  treatment  processes  to 
remove  soluble  organic  matter.  Air  is  added  by  mechanical  equipment,  such  as  diffuser 
mixers,  to  accelerate  the  biodegradation  rate.  BOD^  and  suspended  solids  are  reduced  to 


low  concentrations  (e.g.,  20  mg/L  or  less  each)  by  secondary  treatment.  Ammonia- 
nitrogen  may  be  reduced  to  low  concentrations  (e.g.,  3  mg/L  or  less),  depending  on 
process  design  operation,  sewage  temperature  and  industrial  inputs  in  the  raw 
wastewater  received  by  the  plant.  Treatment  facilities  included  in  the  secondary  plant 
category  include  conventional  activated  sludge,  extended  aeration,  high  rate  activated 
sludge,  contact  stabilization,  oxidation  ditches  and  trickling  filters.  In  Ontario,  most 
sewage  treatment  facilities  are  not  designed  to  remove  ammonia  nitrogen. 

Lagoons  (wastewater  stabilization  ponds)  are  non-mechanical  treatment  facilities  in 
which  the  wastewater  is  typically  purified  by  biological  activity  at  naturally-occurring 
rates.  The  air  required  for  the  biological  activity  to  occur  is  supplied  through  oxygen 
transfer  between  the  atmosphere  and  liquid  sewage  surface.  An  exception  to  this  is  the 
aerated  lagoon  or  aerated  cell  plus  lagoon,  in  which  air  is  mechanically  transferred  to  the 
wastewater  in  a  lagoon  or  cell  at  a  much  lower  rate  than  secondary  plants.  The  hydraulic 
retention  time  of  the  lagoons  is  typically  10  to  30  days  to  allow  for  carbon  oxidation  to 
occur  naturally  (as  compared  with  mechanical  secondary  treatment  plants  where  the 
total  hydraulic  retention  time  in  the  plant  may  be  10  to  12  hours).  Although  BOD 
removal  efficiency  may  be  as  high  in  lagoons  as  in  secondary  treatment  facilities, 
suspended  solids  removal  efficiency  is  often  not  as  high  due  to  growth  of  algae  which 
discharge  with  the  lagoon  effluent.  Ammonia-nitrogen  may  be  partly  oxidized  to  nitrate 
or  remain  unchanged  in  the  lagoon,  depending  on  temperature  and  dissolved  oxygen 
concentration.  Hydrogen  sulphide  is  a  toxic  contaminant  which  is  present  in  lagoon 
treatment  system  effluents. 

Included  in  this  group  of  treatment  facilities  are  aerated  lagoons  or  aerated  cells  plus 
lagoons,  conventional  lagoons  with  annual,  seasonal  or  continuous  discharge,  lagoons  with 
spray  irrigation  and  exfiltration  lagoons. 

This  categorization  of  all  municipally-  and  MOE-operated  treatment  plants  will  result  in 
process  groups  with  the  following  number  of  elements: 

o       primary:  m  plants 

o       secondary:  211  plants 

o       lagoons:  1^*8  plants 
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for  a  total  province-wide  of  '^Ol  treatment  facilities.  Two  lagoon  treatment  plants, 
Stoney  Creek  (Bartletts)  and  Kapuskasing  (Val  Albert),  which  were  included  in  the  MOE 
(1985)  "Report  on  Discharges  from  Municipal  Wastewater  Treatment  Facilities  in 
Ontario",  were  not  evaluated  as  these  plants  ceased  operations  in  April  and  January  1985, 
respectively. 
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2.0  HISTORICAL  LABORATORY  TOXICITY  TESTS  OF  CANADL\N  STPs 

This  section  presents  all  the  available  historical  data  concerning  the  toxicity  of  non- 
chlorinated  Ontario  STP  effluents.  Discussion  of  these  results  with  respect  to  particular 
effluent  characteristics  and  plant  processes  is  dealt  within  Sections  ^.0  to  7.0. 

Table  2.1  lists  the  names  and  agency  affiliations  of  individuals  contacted  during  the 
initial  search  for  Ontario  STP  toxicity  information.  Although  quite  a  number  of  STP 
effluents  in  Ontario  have  been  tested  (33  plants  in  total),  the  data  for  each  plant  were 
often  old  and  scant  (Appendix  A,  Table  Al).  The  effluent  of  most  of  these  STPs  was 
evaluated  for  toxicity  on  a  limited  number  of  occasions.  Physical/chemical  properties  of 
the  effluent  were  often  not  measured  or  reported,  many  of  the  studies  were  conducted 
over  a  decade  ago  and  may  not  reflect  current  conditions,  and  frequently  only  a  whole 
effluent  (100%  concentration)  test  was  conducted  which  did  not  permit  the  calculation  of 
an  LC50.  Other  Canadian  data  (Appendix  A,  Table  A2)  have,  therefore,  been 
incorporated  into  this  report  to  substantiate  or  confirm  observations  made  based  on 
Ontario  toxicity  studies.  In  the  comparison  of  Ontario  and  other  Canadian  STP  toxicity 
data,  it  was  assumed  that  the  seasonal  patterns  (e.g.,  cold  winters)  and  the  treatment 
technology  would  be  similar  across  Canada. 

Data  reviewed  pertaining  to  chlorinated  effluents  are  presented  later  in  Section  it.2, 
where  toxicity  of  total  residual  chlorine  is  discussed. 

Due  to  the  lack  of  toxicity  data  calculated  as  LC50's  in  the  studies  reviewed,  the 
effluent  data  were  judged  to  be  toxic  if  the  sample  caused  50%  or  greater  mortality  to 
the  exposed  test  organisms.  All  effluent  toxicity  results  available  are  graphically 
presented  for  each  STP  following  the  format  depicted  in  Figure  2.1,  which  shows  the 
percent  samples  tested  that  were  acutely  toxic.  Results  for  different  sampling  periods 
and/or  different  laboratories  are  reported  as  separate  sets  of  data  (i.e.,  proportion  of 
lethal  samples  in  tests  conducted  by  the  MOE  in  a  specific  time  period  are  plotted 
separately  from  CANVIRO/BEAK  data  for  the  Gait  and  Waterloo  STPs). 

Rainbow  trout  (Salmo  gairdneri)  were  the  most  frequently  utilized  test  species,  but  data 
from  other  species  were  included  when  available,  and  are  indicated  on  the  respective 
figures.     While  the  degree  of  lethality  varied  between  species.     Table  2.2  depicts  that 

2.1 


TABLE  2.1: 


INDIVIDUALS  AND  AGENCIES  CONTACTED  DURING  SEARCH  FOR 
INFORMATION  ON  ONTARIO  STP  EFFLUENT  TOXICITY 


Name 


Affiliation 


Information  Received 


Vic  Chin 

MOE  -  Toronto 

Fritz  Engler 

MOE  -  Toronto 

Ken  Flood 

MOE  -  Toronto 

Yousry  Hamdy 

MOE  -  Toronto 

John  Kinkead 

MOE  -  Toronto 

Henry  Kronis 

MOE  -  Toronto 

Wes  Hammers 

MOE  -  Toronto 

John  Lee 

MOE  -  Toronto 

Gary  Westlake 

MOE  -  Toronto 

Arch  McClarty 

MOE  -  Hamilton 

John  Vogt 

MOE  -  Hamilton 

Stew  Thornly 

MOE  -  London 

Jack  Pruner 

MOE  -  Kingston 

Jerry  Myslik 

MOE  -  Sudbury 

Jake  Vander  Waal 

MOE  -  ThunderBay 

Brenda  Axon 

Halton  Region  C.A. 

Geza  Gaspardy 

Credit  Valley  C.A. 

Brian  Hindley 

Metro  Toronto  Region  C.A. 

- 

Hamilton  C.A. 

- 

Long  Point  Region  C.A. 

- 

Niagara  Peninsula  C.A. 

- 

South  Lake  Simcoe  C.A. 

- 

Upper  Thames  C.A. 

Vic  Cairns 

D.F.O.  -  Burlington 

Leonard  Yust 

Regional  Municipality  of  Hi 

Stratford,  Tillsonburg 


Greenway,  Walkerton 


Milton 
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actual  occurrences  of  lethality  versus  non-lethality  agreed  in  more  than  85%  of  the 
interspecies  comparisons.  For  this  reason,  and  due  to  the  paucity  of  data,  subsequent 
evaluation  of  the  toxic  components  in  the  STP  effluents  (Section  '♦.O)  included  chemical 
data  from  both  rainbow  trout  and  daphnid  toxicity  tests. 

2.1  Ontario  Acute  Toxicity  Test  Data  Assessed  Against  Treatment  System  Type 

The  following  results  of  the  toxicity  tests  are  presented  according  to  the  three  basic 
process  types  identified,  primary,  secondary,  and  lagoon  systems.  All  the  toxicity  data 
are  taken  from  Appendix  A,  Table  Al,  and,  where  sufficient  data  were  available,  are 
presented  according  to  the  format  described  in  Figure  2.1.  Discussion  of  effluent 
constituents  and  treatment  plant  process  characteristics  which  relate  to  the  toxic 
potency  of  the  effluents  has  been  deferred  to  Sections  li.O  and  7.0,  respectively. 

2.1.1  Primary  Treatment  Systems 

Forty-three  (approximately  10%)  of  Ontario's  sewage  treatment  plants  employ  only 
primary  treatment.  However,  only  two  of  these  plants  have  been  evaluated  for  effluent 
toxicity.  One  non-chlorinated  effluent  sample  from  the  Cornwall  STP  resulted  in  96-h 
LC50  of  83%  effluent  while  the  chlorinated  effluent  sample  was  not  acutely  lethal  (MOE, 
1983).    A  final  effluent  sample  from  Iroquois  resulted  in  an  LC50  of  38%  (MOE,  1983). 

Although  toxicity  data  from  primary  plants  are  very  limited,  Metikosh  et  ah  (1980) 
tested  the  primary  effluents  from  21  secondary  plants  in  Ontario,  and  found  that  the 
primary  effluents  from  each  of  these  plants  was  acutely  lethal  to  rainbow  trout. 

2.1.2  Secondary  Treatment  Systems 

The  relative  toxicity  of  all  secondary  sewage  treatment  plants  in  Ontario  is  presented  in 
Figure  2.2.  A  high  proportion  of  secondary  effluent  samples  tested  were  non-lethal 
(based  on  the  arbitrary  criteria  that  samples  showing  less  than  50%  mortality  were 
considered  non-toxic).  However,  results  from  Guelph  and  Preston  STPs  show  that 
toxicity  can  vary  on  different  occasions. 
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2,1.3       Lagoon  Treatment  Systems 

Metikosh  et  ah  (1980)  evaluated  the  toxicity  of  effluents  from  Listowel  ,  Markdale, 
Mitchell,  Tavistock,  and  Wingham  lagoons.  The  MOE  (1983)  also  tested  the  effluents 
from  Alexandria  and  Lindsay.  The  results  presented  in  Figure  2.3  show  that,  on  occasion, 
lagoon  treatment  systems  also  produce  lethal  effluents. 

2.2  Ontario  Chronic  Toxicity  Test  Data 

Chronic  effluent  toxicity  tests  measure  the  longer-term  effects  of  an  effluent  on  an 
organism  compared  to  the  short-term  CfS-  to  96-hour)  acute  tests.  Chronic  tests  (i.e., 
greater  than  96  hours)  may  also  produce  a  lethal  response  at  higher  exposure 
concentrations  while  measuring  a  sublethal  effect  (e.g.,  EC50,  NOEC,  LOEC,  MATC)  at 
lower  concentrations.  The  Ceriodaphnia  reproduction  test,  for  example,  measures  the 
production  of  young,  and  the  endpoints  are  the  highest  no  observable  effect 
concentration  (NOEC)  and  the  lowest  observable  effect  concentration  (LOEC).  The  point 
of  reference  used  to  compare  test  results  among  samples  is  the  chronic  value 
concentration  which  is  the  geometric  mean  of  the  NOEL  and  LOEC. 

Gait  is  the  only  Ontario  STP  which  has  been  evaluated  for  chronic  effluent  toxicity. 
Table  2.3  shows  that  a  chronic  value  concentration  of  39  to  71%  effluent  caused  a 
significant  decrease  in  the  number  of  young  Ceriodaphnia  produced  in  a  reproduction 
test.  A  chronic  test  of  lethality  was  also  conducted,  and  resulted  in  three  seven-day 
LC50's  ranging  from  '♦6  to  88%  and  one  non-lethal  sample. 

2.3  Toxicity  Categorization  of  Ontario  STPs 

Based  on  the  proportion  of  lethal  effluent  samples  determined  for  each  Ontario  STP, 
each  plant  was  placed  into  one  of  three  categories: 

1.  non-lethal, 

2.  intermittently  lethal,  and 

3.  lethal. 
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TAIiLI-  2.3:  LETHAL  AND  SUBLETHAL  CHRONIC  TOXICITY  OF  GALT  STP 

EFFLUENT  TO  CERIODAPHNIA 


Sampled 
(d.m.y.) 


Effluent  Type 


Test  Type 


Effluent 
Concentration 
Response*  (%) 


05.10.86 
06.10.86 
07.10.86 
08.10.86 

05.10.86 
06.10.86 
07.10.86 
08.10.86 


Non-chlorinated  Static,  7-day 

Lethal  Test 
Chlorinated 


Non-chlorinated  Static,  7-day 

Reproductive 
Chlorinated  Impairment  Test** 


LC50 

sg 

Its 

GT  100 

76 

Chronic 

71 

Value 

39 

71 

71 

*     LC50   -   Concentration  lethal  to  50%  of  organisms. 

**   Measures  significant  decreases  in  the  number  of  young  produced. 

GT  -   greater  than. 

Chronic  Value   -   geometric  value  of  the  NOEL  and  LOEC. 


The  non-lethal  category  included  all  plants  which  never  produced  an  effluent  sample 
causing  acute  lethality  (Table  2A).  Those  plants  deemed  intermittently  lethal  were  those 
which  caused  acute  lethality  in  at  least  one  sample,  but  never  in  greater  than  50%  of  the 
samples  tested  within  a  set  (Table  2.5).  The  remaining  group  of  plants  with  lethal 
effluents  produced  at  least  one  batch  of  samples  where  30%  or  more  of  the  samples  were 
lethal  (Table  2.6). 

2.*  Effluent  Toxicity  Data  from  Other  Canadian  STPs 

The  results  of  toxicity  tests  conducted  on  non-chlorinated  effluents  from  STPs  in  western 
Canada  are  presented  in  Appendix  A  (Table  A2).  As  in  Section  2.1  (Ontario  data),  the 
results  have  been  summarized  in  figures  demonstrating  the  proportion  of  samples  found 
lethal.  The  possible  constituents  and  factors  affecting  toxicity  of  Canadian  STP 
effluents  are  discussed  in  Sections  't.O  and  5.0.  No  information  was  available  for  STPs  in 
provinces  east  of  Ontario. 

2.'*.!       Primary  Treatment  Plants 

The  final  effluents  of  primary  STPs  in  Saskatchewan  and  British  Columbia  caused  acute 
lethality  to  rainbow  trout  in  all  samples,  with  LC50's  in  the  range  of  17  to  86.5%.  Figure 
2.'t  represents  the  proportion  of  acutely  toxic  samples  out  of  each  group  of  samples 
analyzed  from  Canadian  STPs  utilizing  primary  treatment  only.  The  high  proportion  of 
toxic  samples  supports  the  postulation  from  Ontario  data  that  primary  treatment  does 
little  to  reduce  wastewater  toxicity. 

2.'f.2       Secondary  Treatment  Plants 

Many  of  the  samples  tested  from  secondary  STPs  in  Western  Canada  caused  acute 
lethality  to  organisms  (Figure  2.5).  Similar  to  Ontario  results,  the  variation  in  lethality 
between  plants  indicates  that  lethality  at  secondary  STPs  is  not  likely  related  to  the 
process  type,  but  to  more  specific  conditions  of  each  plant  or  the  quality  of  raw 
influent.  As  mentioned  above.  Sections  k.O  to  7 .0  discuss  the  factors  affecting  effluent 
lethality. 
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ONTARIO  STPs  WHICH  PRODUCE  NON-LETHAL  EFFLUENTS  AS 
aUDGED  DY  LAliORATOR  Y  TESTS  OF  NONCHLORINATED  FINAL 
EFFLUENTS' 


STI'  Location 

Study 
Date 
(ni/y) 

No.  of 
Samples 
Tested 

No.  of 
Lclli.il 
Samples 

Reference 

Alexandria 

08.77 
06.81 

0 
0 

MOE  (1983) 

Burlington,  Drury 
Lane 

08-10.77 
01-02.78 

0 

0 

Metikosh  et^aL  (1980) 

Burlington,  Skyway 

10.76 
08-10.77 
01-02.78 

0 
0 
0 

MOE  (1983) 
Metikosh  «aL  (1980) 

Clarkson 

08-10.77 
01-02.78 

0 
0 

Metikosh  et^aL  (1980) 

Ingersoll  (1) 

08-10.77 
01-02.78 

0 
0 

Metikosh  et^aL  (1980) 

Ingersoll  (II) 

08-10.77 
01-02.78 

0 
0 

MetikoshelaL  (1980) 

Ingersoll** 

12.79 
01.80 

0 
0 

MOE  (1983) 

Listowel 

12.77-01.78 

0 

Metikosh  MaL  (1980) 

St.  Jacobs 

08-10.77 
01-02.78 

0 
0 

Metikoshet^aL  (1980) 

Stratford 

08-10.77 
01-02.78 

0 
0 

Metikosh  et  al.  (1980) 

Tillsonburg*** 

08-10.77 
01-02.78 

10 

0 
0 

Metikoshet^a]^(1980) 

Waterloo 

08-10.77 

01-02.78 

07.86 

07.se 

07.86 

0 
0 
0 
0 
0 

Metikosh  et^aU  (1980) 
BEAK  (1986b) 
MOE  (1986) 

Welland 

0S.86 
08.86 

0 
0 

BEAK  (1986c) 

This  category  includes  all  STPs  which  have  not  produced  any  acutely  lethal  effluents 
during  any  sampling  period. 

Addition  of  chlorine  resulted  in  lethality. 


In  situ  cage  study  has  shown  that  chlorine  disinfection  can  cause  acute  lethality  in 
ITsh  downstream  (Flood  et  al.,  1981^. 


TABLE  2.5:  ONTARIO  STPs  WHICH  PRODUCE  INTERMITTENTLY  LETHAL 

EFFLUENTS  AS  JUDGED  BY  LABORATORY  TESTS  OF 
NONCHLORINATED  FINAL  EFFLUENTS* 


STP  Location 

Study 
Date 

No.  of 
Samples 
Tested 

No.  of 

Lethal 

Samples 

Reference 

Brampton** 

02-11.75 

17 

2 

Cairns  and  Conn  (1977) 

Gait 

08-10.77 

10 

0 

Metikosh  e^aL  (1980) 

01-02.78 
10.86 
10.86 

5 
9 
8 

1 
1 
0 

BEAK  (1986a) 

Hamilton 

08-10.77 
01-02.78 

8 

5 

0 
2 

Metikosh  et  al.  (1980) 

Kitchener  (I) 

08-10.77 
01-02.78 

9 

5 

0 

1 

Metikosh  e;^aL  (1980) 

Kitchener  (II) 

08-10.77 
01-02.78 

10 
5 

1 

1 

Metikosh  ei^aU  (1980) 

Lakeview  (I) 

08-10.77 
01-02.78 

11 

5 

1 

0 

Metikosh  e^  ah  (1980) 

Lakeview  (II) 

08-10.77 
01-02.78 

7 

5 

0 
0 

Metikosh  et^aL  (1980) 

Lakeview  (III) 

08-10.77 
01-02.78 

10 
5 

2 

1 

Metikosh  e^al^(  1980) 

Mitchell 

12.77-05.78 

5 

2 

Metikosh  e^aL  (1980) 

Orangeville 

08-10.77 
01-02.78 

9 

6 

0 
2 

Metikosh  et^aL(  1980) 

Wingham 

12.77-05.78 

12 

It 

Metikosh  et^ ah  (1980) 

*     This  category  includes  all  STPs  which  produced  less  than  50%  and  greater  than  0% 
acutely  lethal  samples  in  any  sampling  period. 


**   Addition  of  chlorine  resulted  in  lethality. 


TABLE  2  6-  ONTARIO  STPs  WHICH  PRODUCE  LETHAL  EFFLUENTS  AS  JUDGED 

BY  LABORATORY  TESTS  OF  NONCHLORINATED  EFFLUENTS* 


STP  Location 

Study 
Date 

No.  of 
Samples 
Tested 

No.  of 
Lethal 
Samples 

Reference 

Brant  ford 

08-10.77 
01-02.78 

10 

5 

0 
3 

Metikosh  e^aL  (1980) 

Elmira 

09.76-07.82 

7 

5 

MOE  (1983) 

Grand  Valley 

08-10.77 
01-02.78 

8 

5 

0 
5 

Metikoshet^aL  (1980) 

Guelph  (I) 

08-10.77 
01-02.78 

10 
5 

5 

3 

Metikosh  e^aL.(1980) 

Guelph  (II) 

08-10.77 
01-02.78 

9 

5 

0 

Metikoshe^aL  (1980) 

Hespeler 

08-10.77 
01-02.78 

10 

5 

3 

Metikosh  et  al.  (1980) 

Markdale 

12.77-03.78 

11 

7 

Metikosh  e^aU  (1980) 

Paris 

11.76-12.77 
03.81 

2 
2 

2 
2 

MOE  (1983) 

Preston 

08-10.77 
01-02.78 

10 

5 

0 

Metikosh  et  al.  (1980) 

Tavistock 

12.77-05.78 

5 

3 

Metikosh  e;^aL  (1980) 

Waterdown 

08-10.77 
01-02.78 

10 

5 

5 
3 

Metikosh  e^aL  (1980) 

*  This  category  includes  all  STPs  which  produce  greater  or  equal  to  50%  acutely  lethal 
samples  in  any  sampling  period. 
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2M.3       Lagoon  Treatment  Plants 

The  proportion  of  letlial  effluents  taken  from  lagoon  treatment  systems  in  Western 
Canada  is  presented  in  Figure  2.6.  As  with  the  secondary  treatment  plants,  the  sample 
populations  were  generally  small. 

The  study  of  the  Regina  Wastewater  Stabilization  Pond  (WSP)  was  more  thorough,  but 
was  complicated  by  chlorination  followed  by  tertiary  clarification.  Presumably,  the 
added  retention  time  required  for  lime  and  alum  clarification  allowed  dissipation  of  a 
large  proportion  of  TRC,  so  these  results  have  been  incorporated  into  the  evaluation  of 
non-chlorinated  effluent  toxicity. 

2.5  Summary 

The  historical  data  of  Ontario  STP  effluent  toxicity  indicate  that  primary  plant  toxicity 
has  not  been  sufficiently  investigated.  Limited  evidence,  including  data  from  Western 
Canadian  primary  STPs,  indicates  primary  effluents  are  generally  acutely  lethal. 

Secondary  and  lagoon  treatment  plants  produce  effluents  of  variable  quality.  Lethality  is 
not,  therefore,  related  simply  to  the  type  of  treatment  process  involved  (i.e.,  secondary 
or  lagoon),  but  to  conditions  specific  to  each  plant.  Although  the  data  are  often 
incomplete,  effluent  constituents  and  plant  operating  conditions  corresponding  to  the 
toxicity  studies  are  discussed  in  Sections  'f.O  to  7.0,  and  provide  evidence  for  the  factors 
leading  to  STP  effluent  toxicity. 

Chronic  toxicity  data  for  STP  effluents  are  lacking.  Only  the  Gait  plant  effluent  in 
Ontario  has  been  evaluated  for  sublethal  toxicity  where  the  U.S.  EPA  Ceriodaphnia 
reproductive  test  was  used. 
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3.0  IN  SnrU  BIOMONITORING  OF  CANADIAN  STPs 


3.1  Ontario  STPs 


There  have  only  been  four  in^  situ  studies  conducted  in  Ontario  ,  where  fish  have  been 
placed  in  cages  in  the  receiving  water.  Table  3.1  demonstrates  that  Walkerton,  London 
(Greenway),  Stratford,  and  Tillsonburg  STPs  may  all  produce  effluents  which  are  lethal  to 
fish  placed  in  the  effluent  plume.  At  Walkerton  and  Greenway,  these  effects  are  fairly 
minimal  and  restricted  to  stations  immediately  below  the  outfall.  The  STP  at  Stratford, 
however,  appears  to  produce  an  effluent  with  more  distant  downstream  lethality  than  at 
other  plants,  with  66%  mortality  of  rainbow  trout  at  1^75  m  downstream  after  120  h  of 
exposure.  At  the  Tillsonburg  STP,  50%  mortality  of  rainbow  trout  occurred  as  far  as  53 
m  downstream  of  the  discharge  after  6A  hours  during  chlorine  disinfection.  The  zone  of 
lethality  was  reduced  to  'f.5  m  and  22  m  when  alternate  disinfection  procedures  were 
followed  (i.e.,  Ultra  Violet  (U.V.)  and  sodium  bromide/chlorine,  respectively).  Toxicity 
observed  with  U.V.  disinfection  in  use  was  attributed  to  the  discharge  of  raw  sewage 
bypass. 

3.2  Car»dian  STPs 

Clarke  et_aL  (1977)  conducted  an  in  situ  study  at  the  North  End  Treatment  Plant  in 
Winnipeg,  Manitoba  (Table  3.2).  Effluent  chlorination  increased  mortality  of  caged 
juvenile  black  bullheads  immediately  below  the  STP  outfall,  but  few  to  no  effects  were 
observed  1.2  km  downstream  with  or  without  chlorination  over  four  days. 

Osborne  et^aL  (1981)  placed  rainbow  trout  in  the  Sheep  River,  Alberta,  to  determine  the 
impact  of  the  Turner  Valley  secondary  treatment  plant.  No  mortality  occurred  over  2^* 
hours  when  non-chlorinated  sewage  was  discharged,  but  100%  mortality  occurred  5  and 
50  m  from  the  outfall  during  a  2'f-hour  period  of  chlorination. 

3.3  Summary 

Although  only  four  Ontario  STPs  have  been  investigated  with  respect  to  their  effluent 
effects  on  receiving  waters,  all  four  have  demonstrated  some  degree  of  fish  lethality  in 
the  effluent   plume.      Tests  at    Western   Canadian   STPs  also  showed   that,  under   some 
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TABLE  3.2:  EFFLUENT  TOXICITY  OF  WINNIPEG  STP  (NORTH  END)  TO 

JUVENILE  BLACK  BULLHEADS  HELD  IN  CAGES  IN  THE  RED  RIVER 
AT  VARYING  DISTANCES  FROM  OUTFALL  (Clarke  et  al,  1977) 


Test 

Date 

(d/m/y) 


Location 


TRC 

(ug/L)    Response 


29.07.7^*           W  m  upstream  0 

Outfall  0 

0.23  km  downstream  0.5 

0.52  km  downstream  0.7 

1.16  km  downstream  0 

1.52-1.65  km  downstream  0.6 


0%  mortality  after  96  hrs 
100%  mortality  after  2ii  hrs 
100%  mortality  after  2^  hrs 
100%  mortality  after  2^  hrs 
0%  mortality  after  96  hrs 
0%  mortality  after  96  hrs 


07.0S.7ii** 


kO  m  upstream 

Outfall 

0.52  km  downstream 

1.16  km  downstream 

2.5  km  downstream 


0  0%  mortality  after  96  hrs 

0  0%  mortality  after  96  hrs 

0  10%  mort.  after  96  hrs  then  no  change 

0  5%  mort.  after  96  hrs  then  no  change 

0  5%  mort.  after  96  hrs  then  no  change 


17.09.7^**** 


UO  m  upstream 
Outfall 


0.23  km  downstream 
0.52  km  downstream 
1.52-1.65  km  downstream 
2.15  km  downstream 


0  0%  mortality  after  96  hrs 

1.39  0%  mortality  after  2f  hrs 

0  30%  mortality  after  '/S  hrs 

0  70%  mortality  after  96  hrs 

0-0.03  0%  mortality  after  96  hrs 

0  0%  mortality  after  96  hrs 

0  0%  mortality  after  96  hrs 

0  0%  mortality  after  96  hrs 


*  5  mg/L  chlorine  added  continuously  to  effluent  (downstream  mea-surements  of  TRC 

very  inconsistent). 
**        No  chlorine  added  to  effluent. 
***     8  mg/L  chlorine  added  intermittently  to  effluent. 
TRC     -    total  residual  chlorine  measured  by  amperometric  titration. 


conditions  (e.g.,  chlorine  disinfection),  in-stream  lethality  can  occur.    Further  discussion 
of  the  effluent  connponents  leading  to  lethality  follows  in  Section  't.O. 


3.2 


*.0  FACTORS  AFFECTING  STP  EFFLUENT  TOXICFTY 

*.!  Ammonia 

'♦.l.l       Aquatic  Chemistry  of  Ammonia 

Ammonia  is  present  in  wastewaters  and  naturally  occurs  in  surface  waters.  It  is 
produced  largely  by  deamination  of  organic  nitrogen-containing  compounds  and  by 
hydrolysis  of  urea  (APHA,  1985).  Once  formed,  it  maintains  an  equilibrium  between  the 
ionized  (ammonium,  NH^"^)  and  un-ionized  (ammonia,  NH3)  species.  This  equilibrium  is 
affected  primarily  by  pH  and  temperature  according  to  the  following  equation  (Emerson 
e^al^  1975): 

Fraction  of  Total  Ammonia  in  Un-ionized  Form  =  1 


1  +  10  (pKa-pH) 

where:   pKa    =     0.09      +     2,730      and  T    =   °C 
273+T 

14^.1.2       Toxicity  of  Ammonia  in  Ontario  STP  Effluents 

Ammonia  was  the  most  commonly  cited  cause  of  lethality  in  laboratory  toxicity  tests  of 
nonchlorinated  STP  effluents  in  Canada.  Fava  e^aL  (1985)  measured  many  physical  and 
chemical  parameters  in  a  toxicity  test  of  whole  and  liquid  phase  sewage  sludges  from  12 
wastewater  treatment  plants  in  the  U.S.  Ammonia-nitrogen  was  the  only  constituent 
identified  as  a  major  contributor  to  toxicity  to  Atlantic  silversides  and  grass  shrimp  when 
whole  sludge  was  compared  to  the  filtered  liquid  phase.  This  was  due  to  the  fact  that 
ammonia  was  the  only  parameter  identified  of  1^*2  separate  analytical  determinations 
which  was  not  dramatically  removed,  resulting  in  similar  toxicity  between  the  whole  and 
liquid  phase  sludges.  Primary  treatment  is  not  effective  in  removing  NH3.  Presented  in 
Tables  '/.la  and  'f.lb  are  the  levels  of  total  ammonia  measured  in  lethal  and  non-lethal 
samples  from  primary,  secondary  and  lagoon  STPs  in  Ontario  and  Western  Canada. 
Although  many  non-lethal  samples  also  contained  high  ammonia  levels,  the  lethal  samples 
at  each  STP  generally  contained  higher  ammonia  levels  than  the  non-lethal  samples. 
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In  order  to  estimate  what  concentration  of  ammonia  represented  the  lethal  threshold 
(  >  50%  mortality),  the  percent  lethal  samples  was  plotted  against  total  ammonia 
concentrations  at  each  2  mg/L  increment  in  Figure  ^^.l.  When  the  total  ammonia 
concentrations  fell  within  the  10  to  12  mg/L  range,  50%  of  the  effluent  samples  were 
lethal.  In  general,  as  ammonia  concentrations  further  increased,  the  incidence  of 
lethality  among  effluents  continued  to  increase  and  approach  100%.  Based  on  this 
analysis,  10  mg/L  total  ammonia  nitrogen  was  taken  to  represent  the  best  estimated 
threshold  for  lethality. 

Most  wastewater  treatment  plants  in  Ontario  are  able  to  reduce  effluent  ammonia 
concentrations  to  less  than  10  mg/L  for  the  majority  of  the  year  (Table  ^.2).  Sixty-three 
of  88  lagoons  were  rated  as  discharging  effluents  in  which  ammonia  concentrations  never 
exceeded  10  mg/L  during  the  year.  Another  12  lagoons  exceeded  10  mg/L  of  effluent 
ammonia  for  one  to  three  months  of  the  year.  Both  seasonal  and  continuous  lagoons  were 
included  in  this  evaluation,  the  methodology  of  which  is  described  in  Section  7.1.  In  the 
secondary  treatment  category,  1*3  of  86  plants  never  exceeded  10  mg/L  of  effluent 
ammonia  during  the  year,  while  an  additional  19  STPs  exceeded  10  mg/L  for  one  to  three 
months  of  the  year.  Only  one  of  six  primary  treatment  plants  was  able  to  limit  the 
months  that  ammonia  exceeded  10  mg/L  to  three  months  or  less,  but  three  other  primary 
plants  exceeded  10  mg/L  of  effluent  ammonia  for  four  to  six  months  of  the  year.  With 
the  exception  of  some  primary  plants,  the  monthly  data  suggest  that  the  rnajorit>  of 
wastewater  treatment  plants  in  Ontario  are  capable  of  reducing  effluent  aumionia 
concentrations  to  less  than  10  mg/L  throughout  the  year. 

Un-ionized  ammonia  is  the  toxic  form  of  ammonia.  Concentrations  of  0.1  to  3M  mg/L 
are  lethal  to  fish  (Craig,  1985).  The  level  of  un-ionized  ammonia  for  each  Canadian  STP 
effluent  often  could  not  be  calculated  due  to  a  lack  of  total-NH3,  pH  or  temperature 
data.  However,  an  approximate  concentration  of  un-ionized  ammonia  corresponding  to 
10  mg/L  total  ammonia  can  be  calculated  based  on  a  temperature  of  15  C  for  effluents 
evaluated  under  standard  toxicity  test  conditions,  and  an  estimate  of  pH.  Although  the 
initial  pH  of  the  test  solutions  averaged  7.5,  it  is  known  that  the  pH  usually  rises  rapidly 
within  the  first  I^t  hours  of  static  testing  with  STP  effluent  (BEAK,  unpublished  data; 
Baird  et  al.,  1979).  Assuming  a  conservative  0.3  unit  rise  in  pH  (to  7.8)  and  15°C  as  the 
average  test  temperature,  a  10  mg/L  total  ammonia  level  would  correspond  with  0.17 
mg/L  in   the  un-ionized   form.     This  concentration  falls  in   the  lower  end  of  the  range  of 
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FIGURE  4.1        Total  Ammonia- Nitrogen  vs. 
Relative  Frequency  of  Acutely 
Lethal  Effluent  Samples 
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TABLE  if.2:  MATRIX  OF  ONTARIO  STPs  ACCORDING  TO  MONTHLY  TOTAL 

AMMONIA  CONCENTRATIONS*  IN  FINAL  EFFLUENT 


Months  per  Year 
Where  Total  Ammonia 
Greater  than  10  mg/L 


Plant  Type 


Primary  Secondary  Lagoon 


Total 


it5 


63 


109 


1-3 


ii-6 


7-9 


19 
10 


12 


12 


31 
25 
7 


10-12 


*  Monthly  data  only  available  for  180  of  'fOl  Ontario  STPs. 


LC50's  reported  for  rainbow  trout  (0.1  to  l.'f'*  mg/L;  Craig,  1985),  and  justifies  the  10 
mg/L  level  of  total  ammonia  as  an  estimated  threshold  for  lethality. 

The  occurrence  of  total  ammonia  at  greater  than  10  mg/L  does  not  necessarily  result  in 
an  acutely  lethal  effluent  (Table  'f.D,  since  mortality  results  from  the  un-ionized 
ammonia  concentration  which  is  dependent  on  the  pH  and  temperature  of  the  solution. 
The  10  mg/L  level  was  a  useful  number  for  the  purposes  of  this  study,  to  provide  a  basis 
for  the  categorization  of  Ontario  STPs.  It  is  not  proposed  as  a  regulatory  standard  but, 
instead,  as  an  indicator  of  a  greater  than  50%  chance  of  effluent  lethality. 

UA.'i       Toxicity  of  STP  Effluents  Following  Ammonia  Removal 

Zeolites,  such  as  clinoptllolite,  are  resins  containing  silica  and  aluminum,  which  occur 
naturally  in  the  earth.  Zeolites  have  been  adapted  for  use  in  water  softening  since  the 
early  1900's.  Ammonia  removal  by  clinoptllolite  has  been  recommended  for  treatment  of 
water  in  aquaculture  systems  due  to  its  preferential  selectivity  for  the  ammonium  ion 
(Dryden  and  Weatherley,  1987).  It  also  removes  other  cations  such  as  K"^,  Na*,  Ca^""  and 
Mg  (Dryden  and  Weatherley,  1987),  however,  as  well  as  some  cationic  metals  (e.g., 
Co  ,  Cu  and  Zn  )  (Barrer  and  Townsend,  1976).  The  exchange  capacity  of 
clinoptllolite  depends  on  such  factors  as  the  ionic  strength  and  composition  of  the 
solution  (Dryden  and  Weatherley,  1987). 

One  sample  of  secondary  STP  effluent  from  Welland,  Ontario  was  treated  with 
clinoptllolite  resin  to  remove  ammonium.  The  LC50  rose  to  71%  as  compared  to  8%  for 
the  chlorinated  effluent  and  25%  for  the  dechlorinated  effluent.  Residual  toxicity  after 
chlorine  and  ammonia  removal  indicated  the  presence  of  other  toxic  contaminants.  Two 
lethal  effluent  samples  from  Gait  STP  became  non-lethal  after  clinoptllolite  treatment 
(Canviro,  report  in  progress).  Esvelt  et  ah  (1973)  calculated  an  LC50  of  76%  for  an  STP 
effluent  which  subsequently  became  non-acutely  lethal  after  clinoptllolite  treatment. 
Total  ammonia  nitrogen  was  reduced  from  17,5  to  1.1  mg/L  in  the  process.  The  studies 
above  did  not  measure  the  removal  of  other  cations. 

'i.lA       Evidence  of  Ammonia  Toxicity  in  Receiving  Waters 

Very  few  studies  have  been  reported  of  ammonia-induced  lethality  in  waters  receiving 
STP   effluents.     This  is  mostly  due  to  the  fact  that  most  STPs  chlorinate  their   final 
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effluents  for  disinfection,  and  separation  of  the  relative  toxic  contribution  of  each 
component  (NH3  and  TRC)  was  not  investigated  in  these  studies  (Section  'i.2).  The 
following  results  from  experiments  conducted  in  tlie  receiving  waters  of  STPs  are 
circumstantial,  at  best,  with  respect  to  ammonia  toxicity.  Clearly,  more  thorough  in- 
stream  ammonia  measurements  in  relation  to  observed  toxicity  are  necessary. 

At  Tilisonburg,  Flood  et  aL  (198'fb)  examined  the  toxicity  to  caged  rainbow  trout  of  U-V 
disinfected  effluent  (Table  3,1).  Since  no  residual  chlorine  was  detected,  the  mortality 
observed  during  one  UV  treatment  was  due  to  some  other  contaminant(s).  Some  raw 
sewage  bypassed  treatment  at  the  time  due  to  a  storm  event,  and  was  discharged  to  the 
river.  Ammonia  levels  in  the  river  were  reportedly  an  order  of  magnitude  less  than 
lethal  levels,  but  no  concentrations  were  given.  No  other  parameters  measured  could  be 
identified  as  the  toxic  agent. 

In  Winnipeg,  the  North  End  STP  effluent  was  lethal  to  5  to  10%  of  black  bullheads  caged 
in  the  Red  River  while  no  chlorine  was  added  to  the  effluent.  Ammonia  was  not 
measured  and  no  explanation  was  given  for  the  observed  lethality. 

Servizi  and  Martens  (197^)  observed  mortality  of  salmon  below  a  primary  treatment  plant 
during  periods  without  chlorination,  although  survival  times  were  more  than  ten  times 
shorter  when  the  chlorinator  was  operating.  Toxicity  was  attributed  to  ammonia,  anionic 
surfactants  and  low  dissolved  oxygen. 

Fava  et  aL  (1985)  reported  un-ionized  ammonia  of  0.25  mg/L  at  the  outfall  of  a  trickling 
filter  STP  in  Pueblo,  Colorado.  Concentrations  of  approximately  0.15  mg/L  un-ionized 
ammonia  were  still  present  1  km  downstream.  Mortality  of  caged  fathead  minnows  was 
observed  (100%)  at  all  stations  up  to  600  m  below  the  outfall,  but  was  partly  attributed 
to  TRC  concentrations  which  averaged  0.08  to  0.06  mg/L  over  that  distance. 

't.1.5       Ammonia  Persistence 

Ammonia  is  slowly  dissipated  in  receiving  waters.  Total  ammonia  at  Stratford  measured 
'*.'*  to  7.5  mg/L  at  17.3  m  from  the  outfall  into  the  Avon  River,  while  1.8  to  'f.'f  mg/L 
were  still  present  after  (t75  m  (Flood  etaL,  198'fa).  In  the  Saugeen  River  at  Walkerton 
STP,  1.65  mg/L  total  ammonia  was  measured  at  the  outfall  and  0.38  mg/L  was  measured 
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333  m  downstream.  Fava  et  aU  (1985)  found  that  un-ionized  ammonia  from  an  STP  in 
Colorado  was  0.25  mg/L  near  the  outfall  and  0.15  mg/L  1  km  away.  An  earlier  study  in 
Pueblo,  Colorado  concluded  that  dilution  as  opposed  to  de-nitrification  accounted  for 
decreasing  ammonia  levels  downstream  (Lee  ^  ah,  1982).  Slow  nitrification  of  ammonia 
could,  therefore,  result  in  persistent  toxic  effects  downstream  of  STP  discharges. 

<F.2  Total  Residual  Chlorine 

Since  chlorination  occurs  as  a  separate  process  following  waste  treatment,  all  historical 
data  concerning  chlorinated  effluent  toxicity  are  discussed  here  as  a  separate  section. 

The  evaluation  of  sewage  treatment  plant  effluent  toxicity  necessitates  a  discussion  of 
chlorination  practices.  Chlorination  is  essentially  the  only  STP  disinfection  method 
practiced  in  Canada  due  to  its  lower  cost  over  alternative  methods  such  as  ozonation 
(Tonelll  et  ah,  1981).  Disinfection  is  completed  just  prior  to  effluent  discharge  and, 
since  chlorine  is  very  toxic  to  fish,  a  near-field  zone  of  lethality  and  a  further  field  of 
sublethal  impact  on  the  receiving  water  is  anticipated. 

't.2.1       Aquatic  Chemistry  of  TRC  and  Methods  of  Analysis 

Chlorine,  when  added  to  water,  normally  tends  to  form  hypochlorous  acid  and 
hypochlorite  ion.  These  free  chlorine  forms  react  readily  with  ammonia  and  certain 
nitrogenous  compounds  to  form  combined  chlorine,  particularly  chloramines.  Total 
residual  chlorine  (TRC)  measured  in  wastewater  or  receiving  waters  is  the  summation  of 
free  and  combined  forms  (APHA,  1985). 

Several  methods  exist  for  the  analysis  of  TRC.  The  iodometric  and  DPD  methods  are 
less  sensitive  than  the  amperometric  method,  while  the  orthotolidine  procedure  is 
considered  very  inaccurate  (Collins  etaL,  1973;  Bellanca  and  Bailey,  1977;  Servizi,  1979; 
APHA,  1985).  The  iodometric  methods  are  suitable  for  total  chlorine  concentrations 
greater  than  1  mg/L.  The  DPD  and  amperometric  methods  are  useful  in  differentiating 
between  free  and  combined  chlorine  concentrations,  although  amperometric  titration  is 
more  complex.  While  most  studies  not  reporting  TRC  according  to  amperometric 
titration  were  eliminated  from  consideration,  a  few  studies  using  DPD  or  iodometric 
methods  were  included,  where  the  information  seemed  reliable  and  necessary  to  this 
review. 
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4.2.2  Canadian  Studies  of  Chlorinated  STP  Effluent  Toxicity 

Appendix  A  (Tables  Al  and  A2)  includes  studies  of  the  toxicity  of  chlorinated  effluents 
from  Ontario  and  other  Canadian  STPs,  respectively.  These  results  have  been  plotted  in 
Figures  k.2  and  'f.S  as  the  number  of  toxic  samples  out  of  the  total  number  of  samples 
analyzed  for  non-chlorinated,  chlorinated  and  dechlorinated  effluents.  It  appears  from 
the  figures  (particularly  4.3)  that  chlorination  is  not  the  primary  source  of  toxicity  in 
effluents  generally  tested  in  the  laboratory,  since  acute  lethality  of  non-chlorinated  or 
dechlorinated  samples  is  not  significantly  greater  than  the  same  sample  chlorinated, 
occurrence  of  acutely  lethal  samples  is  not  greatly  increased  by  chlorination.  This  is  due 
to  the  fact  that  most  of  the  toxicity  tests  were  conducted  as  static  tests  and,  therefore, 
the  chlorine  residual  was  dissipated  during  sample  handling  and  storage,  as  well  as 
aeration  during  tests.  Ammonia  levels  in  the  toxic  effluents  of  Western  Canadian  STPs 
were  measured  at  greater  than  10  mg/L,  and  probably  account  for  mortality  observed  in 
those  tests  of  chlorinated,  dechlorinated  and  non-chlorinated  effluents,  thereby  masking 
effects  due  to  chlorine. 

Cairns  and  Conn  (1979)  demonstrated  that  TRC  is  a  major  source  of  acute  toxicity 
through  on-site,  continuous-flow  tests  at  the  Brampton  Experimental  Station.  All  12 
chlorinated  effluent  tests  resulted  in  acute  lethality,  while  only  two  of  17  non- 
chlorinated  effluents  were  lethal.  Clearly,  the  presence  of  TRC  results  in  lethality,  but 
it  is  often  rapidly  dissipated  to  non-toxic  levels  in  static  tests.  Continuous  flowtests 
conducted  by  Arthur  et  aL  (1975)  in  Minnesota  also  demonstrated  chlorine  -  induced 
lethality  of  a  secondary  sewage  treatment  plant  effluent  to  fish  and  invertebrates. 

4.2.3  TRC  Toxicity 

Many  experiments  have  been  conducted  to  determine  the  toxicity  of  chlorine  residuals  to 
aquatic  organisms.  Reviewers  of  the  subject  (Brungs,  1973;  EPS,  1978)  concluded  that 
residual  chlorine  is  acutely  toxic  at  levels  as  low  as  0.01  or  0.02  mg/L,  although  most 
LC30's  reported  for  fish  and  invertebrates  are  as  much  as  0.08  and  0.3  mg/L, 
respectively.  Chronic  effects  are  reported  to  occur  as  low  as  0.001  mg/L  (behavioural 
avoidance),  but  again,  most  effects  were  observed  at  higher  concentrations  (greater  than 
0.01  mg/L).  The  majority  of  data  were  from  studies  of  chlorine  in  wastewaters  where 
possible  additive  or  synergistic  effects  from  other  contaminants  were  ignored  and  the 
toxic  effects  of  TRC  may  even  have  been  overestimated. 
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Laboratory  toxicity  tests  conducted  with  clean  dilution  water  are  in  fairly  good 
agreement,  however.  Arthur  and  Eaton  (1971)  identified  the  acute  LC50  between  0.085 
and  OA^'i  mg  TRC/L  for  fathead  minnows,  while  the  LC50  for  amphipods  was  0.22  mg 
TRC/L.  The  chronic  threshold  values  from  the  same  study  were  0.0'*3  mg/L  for  fathead 
minnows  (spawning  impairment)  and  0.035  mg/L  for  amphipods  (reduced  survival  and 
impaired  reproduction).  Larson  et^aL  (1978)  tested  chloramine  toxicity  to  adult  rainbow 
trout  and  found  no  evidence  of  harmful  effects  at  0,05  mg/L,  but  threshold 
concentrations  for  growth  of  alevins  and  juveniles  were  between  0.01  and  0.022  mg/L. 

Considering  all  the  available  data,  especially  those  based  on  amperometric 
measurements,  the  acute  and  chronic  thresholds  for  aquatic  toxicity  of  total  residual 
chlorine  can  be  estimated  as  approximately  O.Cf  (lowest  LC50  of  0.085  x  safety  factor  of 
0.5)  and  0,01  mg/L,  respectively, 

li.ZA       Toxicity  of  Dechlorinated  Effluents 

The  importance  of  TRC  in  STP  effluent  toxicity  has  been  determined  in  some  studies  by 
comparison  testing  of  nonchlorinated,  chlorinated  and  dechlorinated  effluents.  The 
process  of  dechlorination  involves  the  application  of  chemical  agents  such  as  sulphur 
dioxide  (SO2),  sodium  thiosulphite  (Na2S203),  sodium  sulphite  (Na2S03),  or  sodium 
bisulphite  (NaHS03),  or  the  use  of  a  granular  activated  carbon  filter  bed  to  remove 
TRC.    The  aquatic  chemistry  involved  with  each  method  is  discussed  in  Appendix  B. 

The  tables  in  Appendix  A  (Tables  Al  and  A2)  include  Canadian  studies  where 
dechlorinated  effluents  were  tested  for  toxicity  to  aquatic  organisms.  The  results  of 
these  studies  generally  indicated  that  dechlorination  reduced  or  eliminated  chlorine- 
induced  toxicity. 

Ward  and  DeCraeve  (1978)  found  that  the  lowest  total  residual  chlorine  concentration  in 
wastewater  from  a  trickling  filter  process  that  caused  lethality  in  fathead  minnows  was 
0.165  mg/L.  Dechlorination  with  sulphur  dioxide  eliminated  the  lethal  effects  associated 
with  chlorine,  since  mortality  rates  in  dechlorinated  and  non-chlorinated  effluents  were 
similar.  Because  some  mortality  was  associated  with  undiluted  non-chlorinated  effluent, 
one  or  more  contaminants  must  have  been  present  in  lethal  quantity.  Ammonia  was  a 
likely    factor   (Section   'f.l)  at  9.3,   9.1    and  9.2   mg   total   NH3-N/L   in  non-chlorinated, 
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chlorinated  and  dechlorinated  effluents,  respectively.  Metals  and  cyanide  were  also 
cited  as  possible  contributors,  but  were  unconfirmed. 

Arthur  et_al^  (1975)  reported  lowest  mean  TRC  concentrations  in  secondary  effluent 
causing  measurable  chronic  effects  at  0.0't2  mg/L  for  fathead  minnows  (survival),  0,019 
mg/L  for  amphipods  (reproduction),  and  about  0.01  mg/L  for  Daphnia  (survival).  Non- 
chlorinated  and  dechlorinated  effluents  were  not  acutely  toxic  to  half  of  species  tested, 
or  caused  only  partial  mortality  at  100%  and  75%  concentrations.  In  some  cases,  the 
dechlorinated  effluents  were  even  less  toxic  than  the  non-chlorinated  ones,  suggesting 
that  other  toxic  components  or  interactions  were  removed  through  dechlorination. 
Mortality  in  some  acute  tests  of  non-chlorinated  effluent  was  attributed  to  low  oxygen 
levels.  Esvelt  et^a!L  (1973)  also  demonstrated  that  dechlorination  of  wastewaters 
removes  chlorine-induced  toxicity  to  shiners  and  sticklebacks,  and  also  removed  some 
other  toxic  components.  The  mean  LC30  for  primary  plant  effluents  before  chlorination 
was  '*2%,  while  after  dechlorination  it  was  53%.    The  chlorinated  effluent  LC50  was  3^%. 

Martens  and  Servizi  (1975)  found  that  survival  time  for  sockeye  and  pink  salmon 
fingerlings  in  dechlorinated  primary  sewage  effluent  was  significantly  greater  than  in 
chlorinated  effluent. 

Zillich  (1972)  found  that  the  addition  of  sodium  thiosulfate  greatly  reduced  but  did  not 
eliminate  the  toxicity  of  a  chlorinated  STP  effluent  in  Wyoming,  MI,  during  an  on-site 
toxicity  testing  study.  Similarly,  Tonelli  £ia_L  (1981)  demonstrated  that  chemical 
dechlorination  (sodium  sulphite)  removed  acute  lethality  of  STP  effluent  to  rainbow 
trout. 

The  results  cited  above  are  evidence  that  chlorination  enhances  primary  and  secondary 
effluent  toxicity  but,  in  some  cases,  lethality  was  caused  by  other  factors  present  in  the 
non-chlorinated  effluents.  Dechlorination  removes  chlorine-induced  toxicity  and  may 
also  partially  remove  or  detoxify  other  toxicants  or  eliminate  toxicant  interactions 
contributing  to  effluent  lethality. 

^^.2.5       Evidence  of  Chlorine  Toxicity  in  Receiving  Waters 

The  MOE  cage  study  at  Tillsonburg  STP  (Flood  et^aL,  198'tb)  demonstrated  TRC-induced 
lethality    in    receiving    waters   during    chlorination,    while   U.V.   disinfection   reduced   or 
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eliminated  mortality  of  rainbow  trout.  TRC  levels  and  trout  lethality  were  only 
monitored  over  a  53-m  distance  downstream  of  the  discharge.  Therefore,  it  is  not  known 
how  far  the  TRC  effects  persisted.  Combined  chlorine/bromine  treatment  caused 
greater  acute  lethality  to  rainbow  trout  relative  to  chlorine  treatment  alone. 

In  a  similar  study,  Osborne  et^ah  (1981)  found  100%  mortality  among  caged  rainbow  trout 
5  m  and  50  m  from  a  secondary  STP  outfall  in  Alberta.  Partial  mortality  (up  to  '♦0%) 
occurred  for  100  m  downstream.  When  chlorination  was  terminated,  no  mortalities 
occurred  at  the  same  locations  during  2k  hours  of  exposure.  Indigenous  fish  were 
collected  from  the  same  river  site  in  areas  where  mortality  was  expected,  indicating  that 
short  exposures  can  be  tolerated  and/or  acclimation  mechanisms  increased  tolerance. 

Reports  by  Tsai  (1968,  1970,  1973)  are  frequently  cited  examples  of  chlorinated  effluent 
effects  on  receiving  waters,  but  residual  chlorine  was  not  measured  in  the  1968  and  1970 
studies,  and  was  measured  by  the  orthotolidine  method  in  1973.  As  discussed  earlier,  the 
orthotolidine  method  is  unreliable. 

Servizi  and  Martens  (197'f)  reported  in-stream  mortality  among  sockeye  and  pink  salmon 
below  the  outfalls  of  primary  and  lagoon  treatment  systems.  Median  survival  times  were 
lengthened,  but  mortality  still  occurred,  when  chlorination  was  halted. 

Significant  avoidance  of  0.006  mg/L  chloramine  was  demonstrated  by  killifish  (Oryzias 
latipes)  in  the  laboratory  (Hidaka  and  Tatsukawa,  1985). 

Behavioural  avoidance  of  chlorinated  waters  has  been  demonstrated  by  fish  at  acutely 
toxic  and  lesser  concentrations  (Brooks  and  Seegert,  1978;  Larson  et^aL,  1978).  Grieve 
ei^aL  (1978)  noted  that  white  bass  in  Lake  Ontario  avoided  areas  of  TRC  above  35  ug/L 
during  short-term  chlorination  periods  at  a  hydro  generating  station.  Fish  can  tolerate 
short  exposures  to  toxic  TRC  concentrations  (Lee  e^aUj,  1982).  Indigenous  fish  have  been 
observed  making  brief  excursions  into  chlorinated  effluent  plumes  (Osborne  et  al.,  1981; 
Fava  e^al^  1985). 

'f.2.6       TRC  Persistence 

Some  authors  claim  that  chlorine  residuals  may  remain  toxic  for  a  considerable  time  in 
the    environment    (EPS,    1978).      Brungs    (1973)   also   concluded    that    "residual    chlorine 
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persists  for  periods  longer  than  the  few  minutes  or  hours  indicated  by  some  authorities", 
but  it  is  not  clear  on  what  information  these  conclusions  are  based.  The  studies  where 
amperometric  analyses  of  TRC  was  the  method  of  chlorine  measurement  in  receiving 
waters  are  discussed  below. 

Chlorine  persistence  depends  on  sunlight,  stream  depth,  turbulence,  temperature  and 
type  of  residual.  The  half-life  of  3  mg/L  free  chlorine  was  8  to  28  minutes  when  exposed 
to  open  air  and  sun,  but  was  ten-fold  greater  away  from  sunlight  (indoors)  and  without 
stirring  (Snoeyink  and  Markus,  1973,  197't;  cited  in  Johnson,  1976). 

Combined  chlorine  decay  rates  are  a  factor  of  ten  slower  than  free  chlorine  (Snoeyink 
and  Markus,  1973;  cited  in  Johnson,  1976).  Bender  et^alL  (1975;  cited  in  Johnson,  1976) 
noted  monochloramine  was  more  persistent  than  free  chlorine  in  estuarine  water. 

TRC  analyses  in  receiving  waters  have  indicated  variable  persistence.  Servizi  and 
Martens  (197^*)  reported  residuals  as  high  as  1.2  mg/L  at  122  m  from  the  outfall  and  0.2'f 
mg/L  27^  m  below  a  primary  plant.  TRC  levels  were  reported  as  high  as  0.79  mg/L  155 
m  past  a  lagoon  outfall.  Most  residual  levels  were  much  less  downstream  from  both 
STPs.  The  TRC  levels  reported  are  also  much  higher  than  is  likely  released  from  most 
Ontario  STPs  where  effluent  residuals  are  usually  maintained  around  0.5  mg/L,  and  would 
be  less  once  diluted  by  the  receiving  water. 

In  Colorado,  Lee  et^aL  (1982)  measured  variable  TRC  (0.02  to  0.25  mg/L)  in  an  STP 
effluent.  The  EPA  redbook  guideline  of  0.01  mg/L  was  not  met  until  3.9  km.  Dilution 
was  the  primary  cause  of  TRC  dissipation  for  2.6  km  downstream.  Volatillity  accounted 
for  more  than  half  the  dissipation  due  to  factors  other  than  dilution.  The  stream  was 
highly  turbid,  therefore  little  phototransformation  was  expected. 

At  Tillsonburg,  Ontario,  TRC  was  measured  in  the  Big  Otter  Creek  below  the  STP 
outfall.  The  concentrations  detected  did  not  differ  greatly  between  the  station 
immediately  below  the  outfall  (0.109  to  0.210  mg/L)  and  the  furthest  station  downstream 
(0.18^*  to  0.230  mg/L),  indicating  little  dissipation.  The  furthest  station  was  merely  53  m 
from  the  outfall,  however,  which  may  have  been  an  insufficient  distance  to  adequately 
reflect  TRC  behaviour  downstream. 
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Clarke  et^aL  (1977)  detected  residues  of  chlorine  in  the  Red  River  after  the  addition  of  3 
mg/L  to  the  effluent.  TRC  levels  of  0.5,  0.7  and  0.6  mg/L  were  measured  0.23,  0.52  and 
i.6  km  downstream,  but  none  was  detected  at  1.16  km.  Intermittent  chlorination  at  8 
mg/L  in  the  effluent  also  resulted  in  inconsistent  residues  downstream. 

Servlzi  and  Martens  (197'f)  conducted  a  simple  test  in  W-L  containers  to  measure  the 
TRC  dissipation  rates  of  various  effluent  dilutions.  TRC  was  reduced  three-  to  ten-fold 
within  one  day.  Given  the  turbulence,  dilution  and  various  environmental  degradation 
processes  within  a  receiving  water  body,  it  is  not  anticipated  that  TRC  would  normally 
have  widespread  effects.  Most  in  situ  studies,  which  include  reliable  TRC  analyses,  show 
lethal  effects  are  generally  contained  in  the  near  vicinity  (less  than  1  km)  of  the  STP. 

^♦.2.7       Toxicity  of  Free  Chlorine  vs.  Chloramines 

There  was  some  disagreement  concerning  the  relative  toxicities  of  free  versus  combined 
chlorine  in  reports  from  1950  to  the  early  1970's  (Brooks  and  Seegert,  1978),  but 
analytical  methods  have  improved  substantially  since  the  earlier  studies  were 
conducted.    Recent  reports  indicate  free  chlorine  is  more  toxic  than  chloramines. 

Chloramines  were  several  times  less  toxic  to  rainbow  trout,  coho  salmon,  golden  shiners 
and  channel  catfish  than  free  chlorine  (Heath,  1978;  amperometric  analysis).  Hazel  et  al. 
(1982;  DPD  analysis)  also  found  free  chlorine  to  be  the  more  toxic  form  in  tests  with 
crayfish, 

^♦.2.8       Chlorination  of  Organics 

Kopperman  et_al^(1976)  reviewed  the  concentrations  of  organics  found  in  STP  effluents. 
Most  contaminants  were  found  in  the  low  ug/L  range.  One  study  reviewed  by  Kopperman 
et  al.  reported  a  15  to  80%  removal  of  influent  chloro-organics  due  to  secondary 
treatment  (average  ^^3%)  and  only  a  slight  increase  (average  19%)  after  chlorination. 
Low  concentrations  of  organochlorine  contaminant  measured  in  Canadian  STP  effluents 
were  reported  by  Melcer  (1986)  and  Craig  et  ah  (1983).  3olley  (1975)  separated  over  50 
chlorine-containing  organics  in  a  secondary  effluent  which  had  been  chlorinated  to  a  1 
mg/L  chlorine  residual.  Approximately  1%  of  the  chlorine  dosage  produced  chlorinated 
organic  compounds  at  1  to  2  mg/L  residuals,  but  all  of  the  17  individual  compounds 
identified  were  at  concentrations  less  than  5  ug/L. 
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'/.2.9       Toxicity  Relationship  of  TRC  and  NH3  in  Receiving  Waters 

The  aquatic  toxicity  of  ammonia  and  chlorine  have  generally  been  studied  separately  in 
STP  effluent  testing,  even  though  both  components  have  repeatedly  demonstrated 
toxicity.  Logically,  it  would  be  anticipated  that  both  factors  simultaneously  contribute 
to  receiving  water  effects.  This  can  be  confirmed  by  a  review  of  tests  where  both  NH3 
and  TRC  were  monitored. 

In  studies  where  lethality  due  to  TRC  was  noted  for  some  distance  in  waters  receiving 

2 
STP  effluents  (i.e.,  greater  than  100  to  200  m  ),  NH^  concentrations  were  also  elevated 

(Servizi  and  Martens,  197^*;  Paller  et^al^  1983).    Conversely,  low  levels  of  ammonia  were 

associated    with    non-persistent   chlorine   residuals   (Servizi  and   Martens,    197^*;   OMOE, 

1979,   1980;  Flood  et^aL,  198'fa).    An  on-site  study  of  effluent  chlorination  showed  that 

the  toxicity  of  chlorine  in  wastewater  was  lowered  when  denitrification  was  practised 

prior  to  chlorination  (Finlayson  and  Hansen,  1979).    A  significant  inverse  relationship  was 

observed  between  TRC  concentrations  and  the  effluent  LC50  at  total  ammonia  levels 

greater  than  10  mg/L. 

Toxicity  below  STP  outfalls  would  thus  be  expected  from  two  sources: 

1.  the  combination  of  chlorine  with  ammonia  would  result  in  elevated 
chloramine  levels.  Since  chloramines  are  more  persistent  than  free 
chlorine  forms,  TRC  toxicity  would  be  observed  further  downstream;  and 

2.  un-ionized  ammonia  itself  could  contribute  to  lethality  below  an  STP 
outfall. 

^.3  Other  Toxicants 

The  contribution  of  total  residual  chlorine  and  ammonia  to  the  whole  effluent  toxicity 
has  been  discussed  earlier.  These  two  components  have  been  identified  as  the  principal 
toxicants  since  both  have  been  measured  in  effluents  at  levels  exceeding  their  LC50's  to 
aquatic  organisms.  Sometimes  TRC  and  NH3  do  not  account  for  all  the  observed  toxicity 
of  an  effluent,  however,  and  other  contaminant(s)  must  be  present  and  contributing  to 
toxicity  in  those  circumstances. 


i^M 


It  is  difficult,  in  a  toxicity  assessment  of  a  complex  mixture  of  ciiemicals,  to  determine 
the  level  at  which  the  chemicals  present  make  a  significant  contribution  to  the  toxicity 
of  the  mixture.  This  issue  has  been  addressed  by  a  working  party  of  the  European  Inland 
Fisheries  Advisory  Committee  (EIFAC)  which  reviewed  all  published  literature  on  the 
toxicity  of  mixtures  to  fish  and  other  aquatic  life  (Alabaster  and  Lloyd,  1982). 
Konemann  (1979,  1980)  has  also  completed  several  studies  which  evaluated  the  toxicity 
of  organic  chemical  mixtures  to  fish.  Lloyd  (1986)  recently  examined  and  evaluated  all 
the  available  evidence  from  the  above  sources  and  suggested  that  lethality  of  a  mixture 
could  be  predicted  based  on  the  number  of  contaminants  present  at  levels  over  0.1  or  0.2 
of  their  "threshold  LC50".  The  threshold  LC50  is  the  concentration  which  produces  no 
greater  than  30%  mortality  in  organisms  exposed  for  an  indefinite  period  of  time.  This 
concentration  is  usually  similar  to  the  96-hour  LC50  for  fish  and  the  'tS-hour  LC50  for 
small  invertebrates  (Sprague,  1973).  Therefore,  based  on  Lloyd's  assessment,  substances 
present  at  concentrations  greater  than  0.2  of  their  LC50  are  considered  to  contribute 
additively  to  toxicity,  and  those  present  at  less  than  0,2  times  their  LC50  are  expected 
to  show  less  than  an  additive  contribution.  At  concentrations  below  O.I  of  the  LC50, 
pollutants  are  not  expected  to  exhibit  any  joint  lethal  action.  This  concept  has  been 
supported  by  other  authors  (Sprague,  1973;  Bradley,  1986),  and  the  theory  has  been 
incorporated  into  this  review. 

While  this  approach  to  the  toxicity  of  contaminant  mixtures  does  not  take  into  account 
possible  synergistic  or  antagonistic  toxicity  reactions,  it  does  represent  a  conservative 
approach  to  toxicant  interaction.  It  is  necessary  to  focus  on  the  contaminants  that  are 
most  likely  to  contribute  to  lethality  and  avoid  the  potentially  confounding  influence  of 
other  compounds  present  at  sublethal  concentrations  by  using  "0.2  times  the  LC50". 

Contaminants  that  have  been  analyzed  in  sewage  plant  effluents  include  metals, 
surfactants  and  industrial  organics.  The  96-hour  LC50  values  for  Daphnia  and  rainbow 
trout  to  some  metals  and  organics  have  been  taken  from  the  literature  and  are  presented 
in  Table  '♦.3.  Where  provincial  water  quality  objectives  exist  for  each  chemical,  the 
value  has  been  presented  on  the  table.  While  other  contaminants  are  likely  found  in  STP 
effluents,  either  insufficient  effluent  concentration  data  were  available,  or  LC50's  have 
not  been  reported  to  allow  an  assessment  of  their  contribution  to  toxicity.  Where  a 
range  of  LC50's  has  been  reported,  the  lowest  value  was  used  to  calculate  the  0.2 
fraction. 
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TABLE  i4.3:  DOCUMENTED  TOXIC  CONCENTRATIONS  (ug/L)  OF  VARIOUS 

METALS  AND  ORGANICS  TO  FISH  AND  INVERTEBRATES 


Water  QualiU' 
Objectives 


Rainbow  Trout 
LC50's 


Daphnia 
LC50's 


Inorganics 

Cd,^2 

Cr^ 

^^ 

Pb  ' 
Zn  ' 
Phosphorus 


0.2 

100-2,000 

65 

10 

3,^00-65,500 

'f35-58,700 

5 

20-102 

80-85 

25 

32,000 

510-1,120 

5-25 

1,000-6,500 

H50 

30 

135-7,210 

100-280 

10-20 

Organics 


12 


Benzene 

Chloroform' 

1  ,'f-Dichlorobenzene* 

Ethylbenzene 

Phenols 

TetrachLocoethylene     ' 

Toluene 


Loroethyl 


1,1,1-Trichloroethane 
Trichloroethylene     ' 
Xylene 


13 


50° 

9,200 
23,900-36,500 

,'fOO^ 

1 

1,120-1,200 

11,000 

14,000 

13,400-20,300 

17,700 

500^ 

24,000 
42,300-52,900 

313 

42,300-52,900 

85,200 

100^ 

8,200-13,500 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


14 


Environment  Canada  (1979-1980) 

DC  (1977) 

Eisler  (1986) 

DC  (1978) 

DC  (1980) 

Tentative  PWQO  values  under  consideration  by  MOE. 

Mayer  and  Ellersieck  (1986) 

MOE  (1984b) 

EPA  (1980b) 

EPA  (1978a) 

EPA  (1978b) 

EPA  (1980a) 

Geiger  et^  aL  (1985).     Data  are  for  fathead  minnows.     The  interspecies  comparison 

between  fatheads  and  rainbows  developed  by  Thurston  e^al^(1985)  indicates  that  the 

rainbow  trout  LC50's  would  be  as  much  as  two  times  higher.    Therefore,  the  values 

cited  here  are  conservative  estimates. 

MOE  (1984a) 


^.3.1        Metals 

Representative  rainbow  trout  and  Daphnia  96-hour  LC  50  values  for  metals  appear  in 
Table  U.3,  and  were  used  to  determine  whether  the  concentrations  measured  in  STP 
effluents  may  have  contributed  to  observed  toxicity. 

Among  all  available  Canadian  sewage  plant  data,  the  only  metals  reported  to  exceed  0.2 
of  the  representative  LC50,  whether  or  not  the  effluent  was  lethal,  were  copper,  zinc 
and  nickel  (Appendix  C,  Tables  CI  to  Cf).  Their  0.2  times  LC50  values  were  determined 
as  4,  20  and  102  ug/L,  respectively.  Nickel,  elevated  only  in  a  few  instances,  was  not 
associated  with  toxic  effluents  and  is  not,  therefore,  considered  to  be  a  common 
contributor  to  STP  effluent  toxicity. 

Copper  concentrations  exceeded  li  ug/L  in  almost  all  samples  from  Gait,  Waterloo  and 
Welland  STPs  (Tables  Cl  to  C3).  Copper  was  also  frequently  elevated  in  Western 
Canadian  STP  effluents. 

Of  all  STP  effluents  with  measured  metal  concentrations,  all  but  three  of  the  lethal 
effluents  from  Canadian  STPs  contained  greater  than  10  mg/L  ammonia  and  Cu,  Zn  or 
both  were  at  levels  above  0.2  of  their  respective  LC50's  (Table  i^A).  In  no  case,  where 
ammonia  was  less  than  10  mg/L  NH-^-N  and  copper  above  U  ug/L,  was  the  effluent 
lethal.  Only  one  instance  of  lethality  occurred  when  zinc  was  elevated  (greater  than  20 
ug/L)  and  ammonia  was  low  (NH-,  less  than  10  mg/L).  Copper  and  zinc,  even  when 
present  below  lethal  concentrations,  may  augment  ammonia  toxicity  in  sf^wagc  effluents, 
but  they  are  not  likely  primary  causes  of  lethality  for  two  reasons: 

o  NH3  occurs  in   some  effluents  at  or   above   the  documented  LC50  levels, 

while    Cu    and    Zn    concentrations    are    usually    only    a    fraction    of    their 

documented  LC50;  and 
o  the  occurrence  of  concentrations  above  0.2  times  the  LC50  of  Cu  or  Zn,  in 

the   absence   of   high   ammonia,    resulted    in   a    lethal  effluent   in  only   one 

instance. 

A  survey  of  six  Ohio  activated  sludge  plants  (Neiheisel  £t  aj^  1988)  reported  metal  levels 
that    rarely    exceeded    the    LC50   values   reported   in   Table   4.3.      Copper   and   zinc   were 
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occasionally  elevated  in  STP  effluents,  but  did  not  correlate  with  observed  lethality 
among  fathead  minnows  (Pimephales  promelas).  The  toxicity  of  one  STP  effluent  to  the 
invertebrate,  Ceriodaphnia  sp.,  was  however  attributed  to  metals,  particularly  to  zinc. 

Additive  or  synergistic  effects  of  copper,  LAS  (linear  alkylbenzene  sulfonate)  and 
chloramines  were  reported  by  Tsai  and  McKee  (1978).  The  interactions  were  dependent 
on  rates  of  toxic  action  of  the  individual  chemicals,  toxicity  ratios  of  the  chemicals  in 
the  mixtures,  and  the  concentrations  of  the  mixtures.  Statistical  analyses  were  not 
performed  to  determine  significant  differences  between  LOO's  of  the  mixtures,  nor  were 
contributions  of  each  chemical  quantified. 

Copper  was  found  in  lethal  concentrations  (90  to  IW  ug/L)  at  three  STPs  by  Martens  and 
Servizi  (1976),  but  no  significant  concentration-lethality  relationship  was  identified. 
Copper  was  the  only  metal  of  six  measured  by  the  EPA  (1977)  to  reach  potentially  toxic 
levels  in  an  STP  effluent  in  Memphis,  Tennessee.  The  effluent  was  lethal,  but  observed 
mortality  was  not  related  by  the  authors  to  specific  effluent  characteristics. 

Canadian  test  results  suggest  that  metals  may  contribute  to  toxicity  in  lethal  sewage 
plant  effluents.   Clearly,  further  research  is  needed  to  clarify  this  issue. 

'f.3.2       Surfactants 

Surfactants  enter  sewage  plants  in  domestic  and  industrial  wastewaters.  Anionic 
surfactants  are  the  most  common  type  of  surfactant,  and  usually  arise  from  the  use  of 
detergents.  They  may  vary  in  molecular  chain  length,  and  have  a  branched  or  linear 
structure  (Abel,  197f).  The  Methylene  Blue  Active  Substances  (MBAS)  method  is  often 
used  to  estimate  the  anionic  surfactant  content  of  water  and  wastewaters  (APHA, 
1985).  Linear  alkylbenzene  sulfonates  are  the  most  widely  used  anionic  surfactants,  and 
are  used  to  standardize  the  MBAS  method. 

The  lethality  of  anionic  surfactants  increases  as  the  number  of  carbon  atoms  increases 
and  as  the  position  of  the  phenyl  moiety  is  located  in  a  more  terminal  rather  than  a 
central  position  in  the  chain  (Kimberle  and  Swisher,  1977).  The  toxicity  of  anionic 
surfactants  can  range  over  an  order  of  magnitude  depending  on  the  molecular  structure 
and  organism  tested.    For  example,  the  96-hour  LC50  to  bluegill  sunfish  was  0.6  mg/L  for 

i4A5 


a  linear  (I'f-carbon  chain)  surfactant  (Swisher  etaU,  196'f  in  Abel,  197'f)  compared  to  17 
mg/L  for  a  branched  surfactant  (Cairns  and  Scheier,  1962  in  Abel,  197'f).  Kimberle  and 
Swisher  (1977)  measured  LAS  LC50's  of  0.5  to  30  mg/L  to  Daphnia  magna  and  fathead 
minnows.  Since  the  MBAS  method  (APHA,  1985)  measures  the  total  of  all  anionic 
surfactant  forms  present,  measured  total  surfactant  concentrations  will  not  necessarily 
correlate  with  measures  of  effluent  lethality. 

In  a  number  of  sewage  plant  effluent  toxicity  studies  in  British  Columbia  (Higgs,  1977a- 
g),  surfactants  were  considered  contributary  components  of  effluent  lethality  on  the 
strength  of  (MBAS)  analyses.  A  study  by  Esvelt  et  ah  (1973)  demonstrated  that 
treatment  of  sewage  effluent  by  ion  exchange  resin  or  charcoal  filtration  reduced  acute 
lethality.  In  that  study,  it  appeared  that  reductions  in  surfactant  concentrations 
decreased  toxicity,  but  the  authors  did  not  attempt  to  identify  what  other  toxicants  may 
have  been  removed  by  sorption  to  the  resin  or  filter.  It  was  concluded  that,  on  an 
equivalent  mass  basis,  surfactants  contributed  almost  six  times  more  to  the  effluent 
toxicity  than  total  ammonia.  However,  they  also  acknowledged  that  7^*%  of  the  lethality 
was  unaccounted  for  and  metals  represented  an  obvious  toxicant  source  that  was  not 
included  in  the  relationship  developed. 

Quantitative  assessment  of  surfactant  contributions  to  sewage  effluent  lethality  is 
circumstantial  at  best  in  the  studies  reported  in  the  literature.  The  MBAS  reaction 
responds  to  long  chain  carboxylsulphonates,  inorganic  ions  and  intermediate  degradation 
products,  as  well  as  the  many  anionic  surfactant  homologs  (Kimberle  and  Swisher, 
1977).  A  tiered  treatment-toxicity  assessment  of  effluent  lethality  specifically  focussing 
on  surfactants  separate  from  alternative  potential  toxicants  may  further  elucidate  the 
contribution  of  surfactants  to  effluent  lethality. 

'f.3.3       Organic  Compounds 

In  an  evaluation  of  organic  contaminants  discharged  by  three  selected  Ontario  sewage 
treatment  plants.  Parallel  acute  lethality  tests  were  completed  on  influent  and  non- 
chlorinated  effluent  samples  (Canviro,  report  in  preparation).  Organic  compounds 
identified  in  samples  lethal  to  rainbow  trout  and  Daphnia  magna  are  listed  in  Table  'f.2 
with  representative  96-hour  LC50  values.  Concentrations  0.2  of  the  representative  LC50 
values   were   several   orders  of  magnitude  higher   than   measured  concentrations  in   the 
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effluent  (Appendix  C,  Tables  C5  to  C7),  indicating  that  of  the  organics  analyzed,  none 
were  significant  contributors  to  the  observed  lethality.  A  possible  exception  was  xylene 
which  was  greatly  elevated  (to  l.l'fZ  ug/L)  in  an  influent  sample  from  Gait  which  was 
lethal  to  Daphnia. 

Other  studies  report  very  low  concentrations  (ug/L)  of  organics  in  STP  effluents 
(Kopperman  et  al.,  1976;  EPA,  1977).  Melcer  (1986)  concluded  from  a  survey  of  treated 
effluents  from  105  North  American  STPs  that  very  low  levels  of  U.S.  EPA  priority 
pollutants  can  be  achieved  in  the  effluents  from  well-operated  secondary  plants  despite 
often  high  inflow  levels.  Primary  plants  were  less  able  to  remove  the  contaminants. 
Typically,  between  five  and  ten  organic  contaminants  were  found  at  concentrations 
ranging  from  1  to  20  ug/L  more  than  50%  of  the  time  in  effluents  from  well-operated 
secondary  STPs.   All  reported  concentrations  were  well  below  acutely  toxic  levels. 

Neiheisel  et  al.  (1988)  conducted  a  survey  of  six  Ohio  activated  sludge  plants  to  test  the 
acute  and  chronic  toxicities  of  influent  and  effluent  streams  to  fathead  minnows 
(Pimephales  promelas)  and  Ceriodaphnia  sp.  The  concentrations  of  volatile  organic 
pollutants  detected  in  the  effluents  and  even  in  the  influents  were  not  expected  to  have  a 
major  effect  on  the  toxicity  test  organisms  or  receiving  waters.  The  compounds 
measured  were  frequently  below  detection  limits  (0,2  to  2  ug/L)  and  76%  of  the  levels 
above  detection  remained  less  than  10  ug/L. 

itA          Summary 

Ammonia  toxicity  has  been  demonstrated  in  laboratory  tests  of  STP  effluents  in 
Ontario.  Chlorine  toxicity  in  effluents  has  been  shown  to  be  significant  in  continuous- 
flow  tests  in  the  laboratory,  but  conventional  static  bioassays  allow  dissipation  of  TRC 
and,  therefore,  result  in  inaccurate  reflection  of  its  toxic  potency.  At  some  STPs,  other 
toxic  components  may  be  involved,  such  as  metals,  and  may  be  related,  in  part,  to  the 
proportion  of  industrial  inflow  to  the  STP.  Further  tests  coincident  with  reliable 
chemical  assessments  are  required  to  clarify  these  points. 
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5.0  ENVIRONMENTAL  FACTORS  AFFECTING  EFFLUENT  TOXICITY 

5.1  Seasonal  Effects 

From  a  review  of  the  seasonal  lethality  of  effluents  at  individual  plants  (Tables  Al  and 
A2),  it  is  evident  that  the  majority  of  lethal  STP  effluents  were  produced  during  winter 
months.  The  study  by  Metikosh  et  aL  (1980)  provides  the  best  examples,  as  each  plant's 
effluent  was  evaluated  for  toxicity  in  both  summer  and  winter.  Ten  of  the  19  activated 
sludge  plants  sampled  in  Ontario  demonstrated  a  higher  percentage  of  acutely  lethal 
samples  in  the  winter  months.  A  possible  reason  for  this  trend  is  that  treatment  system 
nitrification  rates  are  reduced  at  lower  temperatures,  resulting  in  elevated  ammonia 
levels.  Eight  of  the  remaining  nine  plants,  however,  were  able  to  produce  effluents 
which  were  consistently  non-toxic  in  winter  and  summer.  Metikosh  et  ah  (1980)  also 
tested  the  effluents  from  five  lagoon  STPs  in  Ontario  (Table  5. 1).  In  addition  to  reduced 
nitrification  rates  due  to  cold  weather  and  ice  cover,  hydrogen  sulphide  (produced  under 
anaerobic  conditions)  was  implicated  in  winter  effluent  toxicity  at  lagoons.  Only 
Listowel,  with  an  aerated  cell,  produced  consistently  non-lethal  effluents  in  winter. 
Further  discussion  of  the  effects  of  temperature  on  H2S  production  and  reduced 
nitrification  is  presented  in  Sections  7.3,2  to  7.3A,  where  they  are  related  to  the 
processes  and  operating  conditions  of  STPs. 

Hydrogen  sulphide  is  acutely  lethal  to  rainbow  trout  at  8.7  ug/L  and  to  goldfish  at  80. ^f 
ug/L.  Invertebrate  LC50's  are  reported  from  20  to  1,070  ug/L  (Smith  et  ah,  1976). 
Metikosh  et  ah  (1980)  did  not  report  the  levels  of  H2S  measured  in  the  effluents  of 
Ontario  lagoon  STPs. 

5.2  Receiving  Water 

5.2.1       Dilution  Availability 

Although  an  effluent  may  cause  acute  lethality  in  laboratory  tests  in  undiluted  samples, 
the  natural  receiving  water  will  eventually  dilute  the  effluent  to  non-lethal  levels. 
However,  where  small  watercourses  which  are  subject  to  large  changes  in  seasonal  flow 
act  as  the  receiving  environment  for  effluent  discharges,  there  may  be  periods  where 
insufficient  dilution  volume  is  available  to  make  effluents  non-toxic.    In  these  situations 
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TABLE  5.1:  COMPARISON  LETHALITY  OF  EFFLUENTS  FROM  FIVE  LAGOON 

TREATMENT  SYSTEMS  IN  ONTARIO  DURING  SUMMER  AND  WINTER 


STP 


Percent  Lethal  Samples  (n) 
Summer  Winter 


Listowel  (aerated,  continuous  discharge) 


0%  (10) 


0%  (8) 


Markdale  (non-aerated,  continuous  discharge) 


0%(9) 


70%  (10) 


Wingham  (non-aerated,  continuous  discharge) 


0%  (10) 


53%  (11) 


Mitchell  (non-aerated,  seasonal  discharge) 


^0%  (5) 


Tavistock  (non-aerated,  seasonal  discharge) 


60%  (5) 


and  when  empirical  information  on  the  actual  receiving  site  is  unavailable,  it  is 
important  to  use  some  estimate  of  the  degree  of  dilution  that  is  required  before  non- 
toxic conditions  can  be  met. 

The  maximum  and  mean  flows  of  Ontario  STPs  characterized  by  effluent  toxicity  data 
with  the  maximum,  mean  and  minimum  flows  of  their  respective  receiving  waters  are 
presented  in  Table  3.2.  The  dilution  ratios  for  mean  flows  without  considering  low  flow 
conditions  ranges  from  6.5:1  to  2^00:1  for  these  plants.  This  clearly  suggests  that  there 
are  other  plants  that  may  be  severely  limited  in  available  dilution,  and  produce  toxic 
effects  in  the  near-  and  far-field  mixing  zones. 

In  recognition  that  ammonia  is  a  major  contributor  to  effluent  toxicity,  it  is  useful  to 
review  the  frequency  distribution  of  total  ammonia  nitrogen  concentrations  reported 
from  Canadian  plants  (Tables  'f.la  and  't.lb).  The  maximum  total  NH3  concentration 
reported  in  the  data  set  prepared  for  this  study  is  37  mg/L.  Considering  that  the  lethal 
threshold  for  total  ammonia  has  been  estimated  as  10  mg/L,  it  is  logical  that  a  'f:! 
dilution  (37/10  =  3.7)  or  greater  would  be  required  to  avoid  lethal  effects  in  receiving 
environments.  Increases  in  ambient  temperature  and  pH  would  result  in  greater  dilution 
requirements  due  to  exponential  elevation  of  un-ionized  ammonia.  The  latest  DC  (1986) 
Great  Lakes  Water  Quality  Objective  of  0.03  mg/L  un-ionized  ammonia  that  should  not 
be  exceeded  to  protect  against  chronic  toxicity  would  be  represented  by  1.5  mg/L  total 
ammonia  under  standard  testing  conditions  (pH  7.8;  15°C)  and,  as  such,  would  require 
25:1  dilution  (37/1.5)  or  greater. 

Total  chlorine  residual  is  the  other  major  contributor  to  effluent  toxicity  and,  as 
identified  in  Section  't.2.6,  the  effluent  target  concentration  in  Ontario  is  0.5  mg/L. 
Brief  review  of  the  toxicity  literature  indicated  that  concentrations  of  O.O'f  and  0.01 
mg/L  TRC  represented  the  thresholds  for  acute  and  chronic  toxicity  for  aquatic 
organisms.  Dilution  envelopes  which  would  circumscribe  the  potential  lethal  and 
sublethal  effect  zones  would  be  contained  within  the  12.5:1  and  50:1  mixing  zones, 
respectively. 

The  more  stringent  dilution  requirements  of  TRC  may  well  provide  the  additional 
protection  necessary  to  allow  for  fluctuations  of  un-ionized  ammonia  concentrations. 
The  acute  lethal  dilution  ratio  of   12.5:1   and  the  sublethal  dilution  ratio  of  50:1   may 
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TARLC  5.2:  RECEIVING  WATER  DILUTION  RATIOS  FOR  SELECTED  SECONDARY  STP  EEFLUENTS  IN  ONTARIO 


Receiv 

ing  Water  (i 

n\lo'/d) 

STp'  (ni 
Maximum 

I'xIoVd) 
Mean 

STP  Effluent  Dil 
Minimum    Maximum 

ution 

Minimum 

Maximum 

Mean 

Mean 

STP 

Receiving 

Discharge 

Discharge 

Discharge 

Discharge 

Discharge 

Min.  Rec. 
Max.  STP 

Max.  Rec. 
Mean  STP 

Mean  Rec. 
Mean  STP 

Drantford 

Grand  River 

1,600 

5S,500 

1,670 

58.6 

11.2 

27.3 

1,320 

106 

Burlington  Skyway 

Hamilton  Harbour^ 

N/A 

N/A 

N/A 

115 

66.7 

100 

100 

100 

Clarkson 

Lake  Ontario 

N/A 

N/A 

N/A 

131 

56.3 

100 

100 

100 

Call 

Grand  River 

1,160 

36,700 

2,870 

17.2 

30.0 

21.5 

1,220 

95.5 

Grand  Valley 

Grand  Rivei 

29.S 

12,500 

605 

137 

0.252 

21.8 

19,700 

2,100 

Guelph 

Speed  River 

131 

1,260 

179 

115* 

17.7 

1.2 

89.3 

10.0 

Hamilton 

Hamilton  Harbour 

N/A 

N/A 

N/A 

590* 

308 

100 

100 

100 

Hespeler 

Speed  River 

131 

1,260 

179 

9.55 

5.39 

11.0 

790 

88.8 

Ingersoll  (old) 

Thames  River 

101 

1,770 

151 

3.15 

633 

29.3 

3,590 

312 

Ingersoll  (new) 

Thames  River 

101 

1,770 

151 

6.11 

3.30 

15.8 

1,110 

138 

Kitchener 

Grand  River 

1,160 

36,700 

2,870 

109 

59.7 

10.6 

615 

18 

Lakeview 

Lake  Ontario^ 

N/A 

N/A 

N/A 

315 

170 

100 

100 

100 

Orangeville 

Credit  River 

17.2 

181 

51.0 

21.1 

6.72 

0.81 

72 

7.6 

Preston 

Grand  River 

1,160 

36,700 

2,870 

137 

7.79 

81.3 

1,720 

368 

St.  Jacobs 

Conestoga  River 

39.7 

3,720 

190 

1.31 

l.ll 

9.1 

3,350 

111 

Stratford 

Avon  River 

ll.S 

3,905 

133 

60.0 

20.5 

0.20 

190 

6.5 

Tillsonburg 

Dig  Otter  Creek 

70.3 

1,220 

31.7 

7.20 

1.61 

9.8 

911 

75.3 

Waterdown 

Grindstone  Creek 

5.36 

1,110 

51.5 

11.2* 

2.22 

0.15 

635 

23.2 

Waterloo 

Grand  River 

1,160 

36,700 

2,870 

61.8 

33.2 

18.7 

1,110 

86.1 

Welland 

Welland  River 

10,100 

22,600 

19,300 

128* 

35.8 

81.2 

631 

539 

Based  on  1981  STP  data  as  that  was  most  recent  year  for  which  receiving  water  discharges  were  also  available. 
•  Indicates  STP  discharge  data  are  from  1985. 


Receiving  water  is  a  lake;  therefore,  100:1  dilution  is  assumed. 
Based  on  mean  STP  discharge  due  to  unavailability  of  minimum  values. 
N/A  -  not  applicable. 


indeed  appear  to  represent  useful  guidelines  for  determining  the  adequacy  of  available 
dilution  in  receiving  streams  and  estimating  the  extent  of  impact  in  receiving  waters. 

5.2.2       Receiving  Water  Quality  Effects  on  Toxicity 

It  is  well  known  that  water  quality  characteristics  such  as  pH,  temperature,  alkalinity, 
etc.  can  affect  the  environmental  behaviour  and  the  toxicity  of  some  contaminants  to 
aquatic  organisms.  With  respect  to  STPs,  the  factors  which  alter  ammonia  and  chlorine 
toxicity  are  of  particular  concern. 

Receiving  water  quality  characteristics  probably  do  not  have  a  major  effect  on  chlorine- 
Induced  toxicity.  The  greatest  interaction  of  chlorine  would  likely  be  with  ammonia,  to 
form  chloramines,  and  would  occur  in  the  effluent  prior  to  release  into  the  receiving 
water.  Little  chlorine  will  likely  exist  in  the  free  form  (Brungs,  1973).  As  discussed  in 
Section  (^.2,  chloramines  are  slightly  less  toxic  than  free  chlorine,  but  are  more 
persistent. 

Brooks  and  Seegert  (1978)  suggested  that  temperature  differences  have  little  effect  on 
chlorine  toxicity  at  low  temperatures,  but  cause  increased  sensitivity  at  higher 
temperatures,  the  range  of  temperatures  being  species-dependent.  They  also  reported 
that,  although  pH  affects  the  speciation  of  chlorine,  pH  effects  on  TRC  toxicity  have  not 
been  clearly  established.  It  is  possible  that  low  pH  may  increase  toxicity  due  to  the 
resulting  increase  in  free  chlorine  (Brungs,  1973). 

Fe(II),  sulphide  and  easily  oxidized  organic  compounds  probably  cause  the  initial  rapid 
reduction  of  aqueous  chlorine  residual  in  water.  Sunlight,  copper,  bromide  or  other  redox 
catalysts  may  also  increase  TRC  dissipation  (Johnson,  1976). 

Ammonia  toxicity  is  affected  by  receiving  water  pH  and  temperature  which  alter  the 
proportion  of  ammonia  existing  in  the  toxic  un-ionized  form.  The  equation  in  Section  '♦.I 
shows  how  the  fraction  of  un-ionized  ammonia  varies  directly  with  increased  pH  and 
temperature.  Table  5.3  identifies  a  range  of  receiving  water  pH,  temperature  and  the 
respective  total  ammonia  concentration  above  which  will  result  in  lethality  (i.e.,  un- 
ionized ammonia  will  exceed  0.17  mg/L). 
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Lf.VULS  or  TOTAL  AMMONIA  NlTKOC.rN  (mR/L)  IN  tl  FLUr.NI   NOT  TO  RV  HXCECDED  FOR  THE  PROTECTION  OF 
AQUATIC  IMOTA  ^in^iiui 


Receiving 

Walcr  pM  6.6  6.8  7.0  7.2  7.ii  7.6 


«.0  8.2  8.0  8.6 


Un-ioni^ed  NH3 

(n.|;/L)  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17  0.17 


Temperature  (°C) 


Equivalent  Values  of  Total  Ammonia  as  Nitrogen  (mg/L) 


398 

251 

158 

366 

231 

116 

337 

213 

131 

310 

196 

121 

286 

181 

HI 

261 

167 

105 

213 

151 

97 

223 

112 

90 

208 

131 

83 

192 

121 

76 

177 

112 

71 

161 

101 

65 

152 

96 

61 

5.3  Summary 

The  data  reviewed  suggest  that  Ontario  STPs  tend  to  produce  toxic  effluents  more 
frequently  in  the  winter  months.  This  is  probably  as  a  result  of  reduced  nitrification 
rates  during  low  temperature  operation. 

The  amount  of  receiving  water  dilution  available  for  an  effluent  will  determine  the 
downstream  area  where  toxic  effects  will  be  observed.  Estimated  instantaneous  dilution 
factors  for  several  Ontario  STPs  suggests  that  there  are  undoubtedly  some  plants  which 
will  generate  substantial  toxic  impact  zones.  The  physical  and  chemical  characteristics 
of  each  receiving  water  body  may  also  affect  the  toxicity  of  various  components  of  the 
effluents,  as  well  as  their  persistence. 
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6.0  PREDICTION  OF  HELD  IMPACT  FROM  LAB  TOXICITY  TESTS 

6.1  Reliability  of  Toxicity  Tests  to  Predict  Receiving  Water  Impact 

The  toxicity  test  is  a  biological  tool  used  to  quantify  the  cumulative  effect  of  toxic 
contaminants  in  an  effluent.  By  measuring  the  response  of  organisms  to  an  effluent,  a 
more  comprehensive  assessment  of  receiving  water  impact  can  be  determined  than 
measurement  of  selected  chemicals  for  which  documented  toxicity  may  or  may  not 
exist.  Following  the  previous  discussion  of  toxicity  testing,  it  is  instructive  to  review  the 
role  of  such  tests  with  respect  to  the  MISA  program.  Evidence  of  the  usefulness  of 
laboratory  tests  to  predict  field  impacts  is  not  abundant,  but  some  studies  have  been 
conducted  to  demonstrate  the  predictive  reliability  of  toxicity  tests. 

The  U.S.  EPA,  through  its  National  Pollutant  Discharge  Elimination  System  (NPDES) 
program,  has  also  recognized  the  need  for  biological  monitoring.  Recently,  the  Complex 
Effluent  Toxicity  Testing  Program  was  undertaken  to  support  the  developing  trend 
toward  water  quality-based  toxicity  control  in  the  NPDES  permit  program.  The  purpose 
of  these  studies  was  to  determine  the  capability  of  chronic  toxicity  tests  to  predict  field 
impacts.  While  acute  toxicity  tests  were  not  conducted,  review  of  the  results  and 
conclusions  of  the  EPA  studies  lends  support  to  the  concept  of  routine  biological  testing 
in  effluent  monitoring. 

The  U.S.  EPA  completed  laboratory  toxicity  tests  on  industrial  and  sewage  treatment 
plant  effluents  discharging  to  four  rivers  in  Alabama,  Connecticut,  Ohio  and  Oklahoma 
during  the  summers  of  1982,  1983  and  198'f.  In  all  studies,  laboratory  tests  were 
compared  with  field  evaluations  of  benthic  diversity  and  abundance,  fish  community  taxa 
and  zooplankton  abundance  downstream  of  the  discharges.  The  tests  conducted  included 
the  seven-day  fathead  minnow  (Pimephales  promelas)  larval  survival  and  growth  test,  and 
the  water  flea  (Ceriodaphnia  reticulata)  survival  and  reproduction  test.  Table  6.1 
outlines  the  relationships  identified  between  the  laboratory  tests  and  field  impacts. 

A  similar  type  of  study  was  conducted  by  the  EPA  in  Akron,  Ohio  to  provide  NPDES 
program  managers,  NPDES  permit  writers  and  water  quality  specialists  with  an  example 
of  how  toxicity  testing  can  be  used  to  address  pre-identified  toxic  water  quality  problems 
(EPA,  1987).    The  Akron  Publicly  Owned  Treatment  Works  (Akron  POTW)  discharges  its 
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TABLE  6.1:  EPA  STUDIES  OF  THE  RELATIONSHIP  BETWEEN  LABORATORY 

TOXICITY  TESTS  AND  RECEIVING  WATER  IMPACT 


Study  Site 


Fathead  Minnow  Test 


Ceriodaphnia  Test 


Birmingham,  No  lethal  or  sublethal  effects  observed  in  lab  tests.    No 

Alabama  significant  field  impact  from  POTW  compared  to  immediate 

Five  Mile  Creek  upstream  station  conditions.    Confounding  influences  from 

(EPA,  1985)  upstream  coke  plant  effluents.    Generally,  good  agreement 

between  toxicity  test  results  and  field  biological  community 
response  throughout  river  system,  but  not  on  a  station-to-station 
basis. 


Waterbury,  Conn. 
Naugatuck  River 
(EPA,  1986a) 


Toxic  slug  from  POTW  produced 
47%  mortality.    Correlations 
with  field  data  not  completed 


Toxic  slug  from  POTW  produced 
100%  mortality.   Significant 
negative  correlation  between 
daphnid  sublethal  toxicity  and 
periphyton,  macroinvertebrate 
and  fish  richness. 


Lima,  Ohio 
Ottawa  River 
(EPA,  1984) 


POTW  produced  no  lethal  or 
sublethal  effects. 


POTW  lethal  to  daphnids  and 
inhibited  reproduction. 
Reproductive  impairment 
negatively  correlated  with 
benthic  diversity  and 
abundance.    No  correlation 
between  fecundity  and  fish 
community. 


Enid,  Oklahoma  POTW  effluent  not  tested  with  either  system  since  it  was  pumped 

Skeleton  Creek  to  a  refinery  and  fertilizer  plant  as  process  water  by  night  and  to 

(EPA,  1986b)  the  river  by  day.    Both  fathead  and  daphnid  sublethal  toxicity 

results  were  significantly  correlated  with  reductions  in 
zooplankton,  macroinvertebrate  and  fish  taxa  density. 
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effluent  into  the  Cuyahoga  River.  It  is  a  secondary  treatment  facility  for  2.2  to  ^tA  m  /s 
of  industrial  and  domestic  waste.  At  certain  times  during  the  year,  the  wastewater 
comprises  up  to  60%  of  the  total  flow  of  the  river.  Although  the  physical  habitat  of  the 
river  indicates  the  potential  for  supporting  an  excellent  warmwater  fishery,  a  highly 
impacted  zone  was  identified  several  years  ago  below  the  Akron  POTW.  The  EPA  study 
demonstrated  water  quality  based  toxicity  control  procedures  can  be  combined  with 
chemical  analyses  and  biological  stream  surveys  to  achieve  more  effective  water 
pollution  control.  Toxicity  tests  conducted  with  Ceriodaphnia,  the  snail  Aplexia  and 
fathead  minnows  indicated  that  effluent  toxicity  varied  with  time,  and  that  Ceriodaphnia 
were  more  sensitive  than  the  snails  and  larval  fish.  Ceriodaphnia  demonstrated  impaired 
reproduction  at  an  effluent  concentration  as  low  as  30%. 

After  calculating  the  dilution  provided  by  the  Cuyahoga  River,  it  was  determined  that  a 
toxic  impact  would  indeed  be  expected  from  the  POTW  discharge.  Observed  impairment 
of  fish  and  invertebrate  community  health  confirmed  the  toxicity  test  predictions  of 
substantial  effluent  impact. 

The  above  studies  identified  that  sublethal  tests  consistently  detected  toxic  effluents. 
Furthermore,  because  of  the  differences  in  sensitivity  between  the  two  representative 
organisms,  depending  on  the  type,  number  and  proportionate  concentrations  of  the 
toxicants,  both  fish  and  invertebrate  test  organisms  were  required  to  reliably  detect 
toxic  conditions.  The  authors  of  the  EPA  reports  state  that  the  greater  variety  of  test 
organisms  used  representing  the  impacted  biological  community,  the  greater  the 
reliability  in  predicting  impact.  In  other  words,  investigators  should  not  feel  limited  to 
using  only  fathead  minnows  and  Ceriodaphnia  to  estimate  effluent  effects  on  receiving 
water.  Finally,  the  above  reports  demonstrate  that  generally  the  two  test  systems  do 
correlate  well  with  observed  biological  community  effects.  Where  effluent  toxicity  can 
be  demonstrated,  it  is  possible  to  identify  some  degree  of  biological  impairment  in 
receiving  water  systems. 

Similar  studies  are  currently  underway  at  three  Ontario  STPs  for  pilot  studies  of  the 
MOE  MISA  program. 
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6.2  Summary 

Biological  tests  of  treatment  plant  effluents  can  reliably  predict  whether  the  receiving 
waters  are  affected  by  the  discharge.  Acute  and  chronic  tests  with  a  variety  of 
representative  receiving  water  species  provide  a  good  estimation  of  field  effects. 
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7.0  CATEGORIZATION  OF  ONTARIO  STPs  BY  TREATMENT  PROCESS 
CHARACTERISTICS 

7.1  Criteria  for  Categorization 

Three  criteria  were  established  to  categorize  Ontario  treatment  plants  with  respect  to 
effluent  toxicity  field  monitoring.  Available  toxicity  data  could  then  be  used  to  further 
define  priority  for  the  categories.  The  data  would  not  only  indicate  which  categories  of 
effluents  are  toxic  or  non-toxic,  but  which  categories  are  lacking  in  information,  and 
hence  requiring  additional  monitoring  data.  The  three  criteria  for  categorization  of  STPs 
were: 

o       treatment  process  class, 

o       treatment  process  operating  efficiency,  and 

o       fraction  of  industrial  flow  contribution  to  total  plant  flow. 

Treatment  process  class  is  an  important  factor  which  affects  the  quality  of  the  effluent 
discharged  by  a  STP,  The  three  process  categories  evaluated  in  this  study  are  primary 
plants,  secondary  plants  and  lagoons.  Both  primary  and  secondary  treatment  plants  are 
mechanical  facilities,  but  the  effluent  quality  produced  differs  substantially.  Primary 
plants  are  designed  principally  to  reduce  particulate  contaminants,  while  secondary 
facilities  reduce  both  particulate  and  soluble  contaminant  concentrations.  Lagoons  are 
non-mechanical  plants  capable  of  reducing  concentrations  of  soluble  and  particulate 
contaminants. 

Operating  efficiency  was  established  as  the  second  criterion  to  relate  effluent  toxicity  to 
the  quality  of  the  wastewater  discharged  from  a  treatment  plant.  Operating  data  used  to 
evaluate  treatment  efficiency  were  BODc  removal  and  effluent  total  ammonia-N 
concentration.  Efficiently  operating  plants  were  those  with  BOD^  removals  of  80%  or 
higher,  and  effluent  total  ammonia-N  concentrations  of  less  than  10  mg/L.  Plants  with 
poor  operating  efficiency  were  those  in  which  the  BOD^  removal  efficiency  was  less  than 
80%  and  the  effluent  total  ammonia-N  concentration  was  10  mg/L  or  greater. 
Treatment  plants  in  which  one  of  the  two  operating  criteria  was  not  achieved  were 
classified  separately.  This  criterion  was  generally  applicable  only  to  secondary  plants  and 
lagoons.  Primary  plants  would  almost  always  produce  a  poor  quality  effluent  by  this 
criterion. 
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The  third  criterion  was  established  to  estimate  the  impact  of  industrial  contaminants  on 
SIP  effluent  toxicity.  The  basis  for  this  criterion  was  the  assumption  that  higher 
concentrations  of  hazardous  contaminants  from  industrial  sources  will  result  in  greater 
toxicity.  There  is  a  scarcity  of  actual  industrial  effluent  toxicity  monitoring  data  to 
confirm  this  assumption,  but  the  premise  is  consistent  with  the  acute  toxicity  test  for 
determining  the  LC50  value.  Three  categories  of  industrial  contribution  to  a  treatment 
plant,  based  on  flow,  were  established.  These  included  domestic  wastewater  only  (less 
than  5%  industrial  flow),  minor  industrial  input  (between  5  and  30%  industrial  flow),  and 
major  industrial  flow  (greater  than  30%  industrial  flow).  This  categorization  is 
consistent  with  the  toxicity  study  reported  by  Metikosh  et  al.  (1980). 

Methodology 

Treatment  plants  were  classified  by  process  according  to  descriptions  contained  in  the 
19S5  Operating  Summary  of  Wastewater  Treatment  Facilities  in  Ontario  prepared  by  the 
Ontario  Ministry  of  the  Environment  (1987). 

The  MOE's  computerized  Utility  Monitoring  Information  System  (UMIS)  and  Total  Utility 
and  Municipal  Monitoring  Information  System  (TUMMIS)  databases  were  used  to  classify 
pollution  control  plants  according  to  whether  effluent  ammonia  concentrations  exceeded 
or  were  less  than  10  mg/L  on  a  monthly  basis.  Data  from  1986  were  utilized  for  the 
classification.  For  continuously  discharging  STPs  (i.e.,  both  mechanical  plants  and 
lagoons),  only  those  plants  with  seven  months  or  more  of  effluent  ammonia  levels  in  the 
year  were  evaluated.  If  less  than  12  months  of  data  were  available  for  these  STPs,  the 
frequency  of  effluent  ammonia  concentrations  exceeding  10  mg/L  was  established  by 
pro-rating  the  number  of  months  of  available  data  to  an  equivalent  annual  basis.  In  the 
case  of  seasonally  or  annually  discharging  lagoons,  the  number  of  months  of  available 
data  were  pro-rated  to  an  equivalent  annual  basis,  regardless  of  the  number  of  months  of 
data.  This  procedure  served  to  bring  the  treatment  plants  to  a  common  basis  for 
evaluation  by  establishing  the  percentage  number  of  months  each  year  that  any  STP 
exceeded  10  mg/L  NHo-N.  The  classification  of  the  Ontario  STPs  by  monthly  ammonia 
data  appears  in  the  back  of  the  report  as  Appendix  D. 

For  the  STPs  for  which  monthly  ammonia  data  were  not  available,  annual  averages  of 
effluent    ammonia    (1985)    were    retrieved    from    the    UMIS    and    TUMMIS    databases. 
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Treatment  plants  falling  into  this  group  were  classified  as  having  effluent  ammonia 
levels  exceeding  or  less  than  10  mg/L.   The  plants  are  categorized  in  Appendix  E. 

BODc  removal  efficiency  was  calculated  for  each  facililty  using  average  annual  influent 
and  effluent  BOD5  concentrations  reported  in  the  1985  operating  summary  (MOE,  1987). 

Estimates  of  industrial  flow  contribution  to  the  total  plant  flow  were  noted  from  existing 
surveys  of  pollution  control  plants  by  Canviro  Consultants  where  possible.  If  industrial 
contributions  to  the  pollution  control  plants  were  not  available  from  these  sources,  then 
the  industrial  flow  to  primary  and  secondary  treatment  plants  was  calculated  based  on  a 
computerized  procedure  (HAZPRED)  developed  by  CANVIRO  for  estimating  trace 
contaminant  concentrations  in  sewers  (CANVIRO,  198^*).  The  average  daily  flow  and 
population  served  by  a  STP  were  first  noted  from  the  1985  operating  summary  (MOE, 
1987).  The  flow  contribution  from  residential  sources  was  then  calculated  based  on  a  per 
capita  consumption/discharge  rate  of  220  L/d  (CANVIRO,  l9S,tt).  The  rate  of  wastewater 
production  from  commercial  establishments  was  based  on  discharge  rates  reported  by 
CANVIRO  using  their  HAZPRED  model  in  two  Toronto  sewersheds,  and  by  data  reported 
by  Brandes  (1978)  for  water  consumption  by  individuals  for  sanitary  purposes  only.  The 
commercial  rate  of  water  discharged  to  sewers  was  estimated  at  30  L/cap'd. 

Infiltration  and  inflow  (I/I)  contribute  to  the  total  flow  of  a  sewer  at  rates  which  are 
dependent  on  a  number  of  factors  including  age  of  system,  type  of  system  (clay,  cast 
iron,  PVC,  etc.),  watertable  depth,  cross-connections  with  storm  sewers  and  type  of  soil 
matrix  in  which  the  pipe  is  laid.  An  estimate  of  the  range  of  I/l  rates  to  sewers,  based  on 
connected  population,  is  91  to  227  L/capd  (CANVIRO,  198^).  For  this  study,  an  average 
value  of  150  L/cap'd  was  assumed  in  the  absence  of  detailed  I/I  data  for  each  plant.  This 
assumption  may  result  in  low  or  high  estimates  of  the  I/I  component  in  some  cases,  but  it 
is  believed  on  average  that  this  would  be  a  "typical"  figure. 

The  industrial  component  of  the  total  wastewater  flow  arriving  at  a  primary  or  secondary 
treatment  plant  was  then  calculated  as  the  difference  between  the  total  flow  reported  by 
the  1985  operating  summary  (MOE,  1987)  and  the  summed  residential,  commercial  and  I/I 
components. 

Although  the  HAZPRED  method  adapted  for  this  study  provided  a  good  basis  for 
classifying    primary    and    secondary    plants    according    to    industrial    contribution,    the 
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methodology,  whith  uses  per  capita  flow  estimates,  was  not  considered  as  accurate  for 
lagoons.  The  procedure  resulted  in  a  heavy  bias  to  the  major  industrial  flow  component. 
Discussions  with  MOE  regional  officials  and  checking  with  municipal  industrial  trade 
directories  confirmed  that  the  method  was  substantially  overestimating  the  industrial 
flew  component  on  a  frequent  basis. 

Because  of  the  lack  of  data  on  industrial  flow  contributions  to  Ontario  STPs,  the 
categorization  of  lagoons  by  industrial  component  was  carried  out  using  wastewater 
strength  as  the  determining  criterion.  Annual  influent  BOD5  concentrations,  as  reported 
in  the  1985  Operating  Summary  (MOE,  1987),  were  used  to  measure  wastewater  strength, 
and  hence  industrial  contribution.  The  industrial  flow  categories  established  for  lagoons 
were  as  follows: 

o       BOD^  less  than  125  mg/L:  Domestic  only 

o       BOD5  between  125  and  250  mg/L:         Minor  industrial 
o       BOD5  greater  than  250  mg/L:  Major  industrial 

These  categories  are  similar  to  classifications  of  municipal  wastewater  strength  reported 
by  Metcalf  and  Eddy  (1972).  BOD^  concentrations  in  raw  wastewater  could  be  diluted  by 
I/I,  with  the  effect  that  STPs  which  should  be  classified  as  major  industrial  could  be 
grouped  under  minor  industrial,  or  even  domestic,  depending  on  the  magnitude  of  the  I/I 
problem.  Although  this  procedure  does  not  allow  the  BOD^  concentrations  to  be 
corrected  for  an  I/I,  the  category  limits  were  selected  based  on  the  knowledge  that  I/I 
would  have  some  impact  on  the  classification. 

Because  of  missing  data  in  the  electronic  databases  used  for  categorization,  additional 
data  were  retrieved  where  possible  by  telephone  to  municipal  or  Ministry  officials.  When 
this  approach  failed,  assumptions  were  applied  to  provide  additional  plants  for 
categorization.  When  ammonia  data  were  missing,  lagoons  and  secondary  plants  were 
assumed  to  produce  effluents  with  ammonia  levels  of  less  than  10  mg/L.  This  is 
consistent  with  the  majority  of  the  plants  with  reported  effluent  ammonia  data. 
Communal  septic  tanks  were  assumed  to  have  effluent  ammonia  levels  greater  than  10 
mg/L  when  those  data  were  missing. 

When  effluent  BODc  data  were  missing  such  that  no  BOD^  removal  efficiency  could  be 
calculated   (influent    data    were   available),    it    was   assumed    for    lagoons    that    removal 
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efficiencies  were  greater  than  80%,  again  consistent  with  the  majority  of  the  data  with 
recorded  values.  If  lagoons  did  not  discharge  for  the  operating  year,  yet  received  a  daily 
flow,  it  was  assumed  that  the  long  retention  time  provided  would  also  produce  low 
effluent  BOD^  concentrations,  and  hence  removal  efficiencies  greater  than  80%,  when 
discharged. 

A  small  number  of  treatment  plants  (mainly  communal  septic  tanks  and  exfiltration 
lagoons)  had  no  recorded  daily  flows.  In  this  case,  the  average  daily  flow  was  estimated 
by  multiplying  the  population  served  by  a  per  capita  discharge  of  220  L/d.  If  more  than 
one  assumption  was  required  to  classify  an  STP,  then  the  plant  was  categorized  as  having 
insufficient  data  for  classification. 

The  procedure  based  on  the  HAZPRED  methodology  used  for  calculating  the  industrial 
component  was  found  to  be  biased  towards  estimating  major  industrial  flow 
components.  This  bias  is  believed  to  be  due  to  apparently  excessive  infiltration/inflow  to 
the  collection  system.  Because  only  a  portion  of  this  flow  is  attributed  by  the  algorithm 
to  infiltration,  the  remainder  is  classified  as  industrial  flow.  The  persistent  high  water 
levels  in  1985  and  1986  resulted  in  a  substantial  infiltration  and  inflow,  especially  for 
treatment  plants  situated  close  to  the  Great  Lakes,  according  to  the  STP 
superintendents.  Consequently,  a  number  of  treatment  plants  were  re-assigned  from 
major  industrial  to  minor  industrial  or  domestic  flow  based  on  the  concentrations  of 
conventional  parameters  in  the  raw  wastewater,  conversation  with  MOE  and  municipal 
officials,  and  on  professional  judgement. 

Use  of  the  sewage  treatment  plants  categorized  by  industrial  flow  component  outside  of 
this  report  should  be  done  cautiously,  since  assumptions  have  been  made  with  respect  to 
estimation  of  commercial,  industrial  and  infiltration/inflow  components  of  the  total  flow 
or  to  contributions  to  BOD^  loadings.  For  accurate  assessment  of  these  individual  flow 
components,  municipal  water  consumption  records,  industrial  wastewater  discharge 
records,  and  I/I  studies  at  municipal  STPs  should  be  utilized. 
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7.2  Categorization  of  Ontario  STPs 

Monthly  Ammonia  Data 

The  classification  procedure  using  monthly  effluent  ammonia  concentrations  resulted  in 
the  matrix  shown  in  Table  7.1.  The  majority  of  treatment  plants,  both  lagoons  and 
secondary  plants,  were  grouped  as  producing  effluents  in  which  ammonia  levels  never 
exceeded  10  mg/L  during  the  year.  Of  the  180  STPs  for  which  monthly  NH-j  records  were 
examined,  109  (nearly  61%)  never  exceeded  effluent  ammonia  levels  of  10  mg/L  during 
the  year.  Annual  BOD^  removal  efficiencies  in  lagoons  and  secondary  plants  were  most 
often  greater  than  80%;  in  primary  plants,  BOD  removal  efficiencies  in  the  plants 
evaluated  never  exceeded  80%.  The  industrial  components  of  lagoons  were,  in  general, 
rated  as  either  domestic  or  minor  industrial.  Most  primary  plants  were  classified  as 
treating  domestic  wastewater.  The  secondary  plants  were  nearly  equally  represented  by 
wastewaters  classified  as  domestic,  minor  industrial  or  major  industrial.  In  ail,  a  total  of 
180  Ontario  STPs  were  evaluated  using  this  procedure.  The  complete  listing  of  the 
treatment  plants  appears  as  Appendix  D. 

Annual  Ammonia  Data 

For  treatment  plants  that  were  evaluated  using  annual  effluent  ammonia  concentrations, 
a  similar  picture  is  presented.  This  evaluation  produced  the  matrix  shown  in  Table  7.2. 
Most  lagoons  and  secondary  treatment  facilities  were  classified  as  producing  effluents 
with  annual  average  ammonia  concentrations  less  than  10  mg/L  and  BOD  removal 
efficiency  greater  than  80%.  Most  primary  treatment  plants  had  annual  ammonia 
concentrations  greater  than  10  mg/L,  while  BOD  removal  efficiency  was  less  than  80%. 
Of  the  plants  evaluated  using  these  criteria,  most  were  regarded  as  treating  domestic 
wastewater  rather  than  wastewater  with  minor  or  major  industrial  contributions, 
regardless  of  process  type. 

The  complete  listing  of  treatment  plants  evaluated  using  annual  effluent  ammonia 
concentrations  appears  as  Appendix  E.  A  total  of  l^i  plants  were  listed  as  having 
insufficient  data  for  any  form  of  evaluation.  The  locations  of  all  W\  treatment  plants  in 
Ontario  are  noted  by  process  type  and  receiving  water  on  maps  contained  in  Appendix  F. 
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TAIM.n  7.2:  MATRIX  OF  ONTARIO  TRHATMRNT  PLANTS  ACCORDING  TO 

PROCESS  OPERATING  CRITERIA  (ANNUAL  EFFLUENT  AMMONIA 
CONCENTRATIONS) 


Process 


Effluent  Total  NH3-N  Concentration 
Less  than  10  rng/L  Greater  than  10  mg/L 


Industrial 

Flow  Component 


BOD  Removal 

Less  Than 

80% 


Efficiency 
80%  or 
Greater 


BOD  Removal      Efficiency 
Less  Than  80%  or 

80%  Greater 


Lagoons 


Domestic 

Minor 

Major 


6 

19 

1 

0 

15 

0 

1 

t 

0 

Secondary      Domestic 
Minor 
Major 


g 

62 

2 

2 

25 

0 

0 

19 

0 

Primary 


Domestic 

Minor 

Major 


0 

11 

1 

0 

3 

0 

0 

3 

1 

Insufficient  Data 


Lagoons  1^ 
Secondary  3 
Primary  7 


7.3  Toxicity  Associated  with  Process  Classes 

7.3.1        Primary  Plants 

The  study  of  toxicity  of  Ontario  STP  effluents  by  Metikosh  et  aL  (1980)  was  the  principal 
source  used  to  evaluate  the  effects  of  process  class  and  operating  efficiency  on  effluent 
toxicity.  The  study  examined  acute  toxicity,  using  rainbow  trout,  of  secondary  effluents, 
primary  effluents  at  secondary  plants,  and  a  limited  number  of  lagoon  effluents.  It 
should  be  noted  that  this  study  is  nearly  ten  years  old,  and  the  effluent  toxicity  of  the 
STPs  may  have  changed  in  that  interval  of  time. 

The  primary  effluents  tested  for  acute  toxicity  were  collected  between  03  January  and 
13  February  1978.  Pertinent  operating  and  chemical  data  for  primary  clarification  at 
these  plants  are  reported  in  Table  7.3.  Two  points  with  respect  to  these  data  should  be 
noted  which  affect  the  categorization  of  the  plants  by  process  operating  efficiency. 
First,  BOD5  removal  efficiency  never  exceeded  the  criterion  value  of  80%,  which  was 
established  principally  for  secondary  plants  and  lagoons.  In  Table  7.3,  a  number  of 
negative  BOD5  removal  efficiencies  were  noted,  which  are  probably  a  result  of  collecting 
a  limited  number  of  grab  samples  which  may  not  represent  the  process  operation  as  well 
as  2'f-h  composite  samples.  Secondly,  the  mean  total  ammonia-N  concentration  in  all 
primary  effluents  always  exceeded  the  criterion  value  of  10  mg/L,  which  was  reported 
earlier  to  be  the  critical  concentration  above  which  acute  toxicity  became  readily 
observed  (Section  't.l).  This  observation  is  also  consistent  with  primary  treatment,  which 
is  not  designed  to  remove  soluble  components  such  as  total  ammonia-N. 

For  primary  effluents,  the  grouping  of  treatment  plants  by  industrial  contribution  and 
process  operating  efficiency  are  reported  in  Table  1 M.  As  noted  above,  all  primary 
effluents  were  included  in  the  operating  efficiency  category  of  BOD^  removal  less  than 
80%  and  total  ammonia-N  concentration  greater  than  10  mg/L.  The  study  by  Metikosh 
et  aK  (1980)  clearly  investigated  treatment  plants  with  a  major  industrial  flow 
component.  In  all  the  primary  effluent  samples  collected,  100%  mortality  of  the  fish  was 
observed  within  2k  hours. 

Toxicity  testing  of  STP  effluents  in  British  Columbia  by  Higgs  (1977a,  c)  have  resulted  in 
similar  observations.     At  the  Annacis  Island  and  lona  Island  primary  treatment  plants, 
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TABLF:  7.3:  SUMMARY  OF  PROCESS  DATA  FOR  PRIMARY  SEDIMENTATION  AT 

SELECTED  ONTARIO  STPs  (after  Metikosh  et  al.,  1980) 


Treatment 
Plant 


BOD^ 

Removal 

Efficiency  (%) 


Total  NH3-N 
Concentration 

(mg/L) 


Industrial 

Flow 

Component* 


Brantford 

-23 

Burlington,  Drury  Lane 

15 

Burlington  Skyway 

-19 

Clarkson 

1 

Gait 

S 

Guelph  1 

26 

Guelph  2 

7 

Hamilton 

8 

Ingersoll  1 

-5 

Ingersoll  2 

-11 

Kitchener  1 

46 

Kitchener  2 

36 

Lakeview  I 

35 

Lakeview  2 

32 

Lakeview  3 

31 

Orangeville 

23 

Preston 

33 

Stratford 

1 

Tillsonburg 

7 

Waterdown 

-6 

Waterloo 

19 

12.1 

major 

11.7 

major 

15.7 

major 

16.3 

minor 

13.0 

major 

13.2 

major 

15.6 

major 

23J 

major 

17.5 

major 

17.0 

major 

26.8 

major 

23.0 

major 

26.0 

major 

29.5 

major 

19.3 

major 

21.0 

minor 

20.5 

major 

13.6 

major 

22.0 

major 

16.8 

domestic 

21.2 

major 

As  estimated  by  Metikosh  et  al,  (1980). 


TABLE  7A:  CATEGORIZATION  AND  TOXICITY  OF  PRIMARY  EFFLUENTS  BASED 

ON  PROCESS  EFFICIENCY  AND  INDUSTRIAL  FLOW  CONTRIBUTION 
(after  Metikosh  et  al.,  1980) 


Total  NH^-N 


BOD. 


Concentration  Removal 

(mg/L)  Efficiency  (%)      Domestic 


Industrial  Flow  Componment^ 


Minor 


Major 


>  80 


>10 


80  Waterdown    Orangeville 

Clarkson 
Annacis  Island** 


Brantford 

Burlington  Drury  Lane 

Burlington  Skyway 

Gait 

Guelph  1 

Guelph  2 

Hamilton 

Ingersoll  1 

Ingersoll  2 

Kitchener  1 

Kitchener  2 

Lakeview  1 

Lakeview  2 

Lakeview  3 

Preston 

Stratford 

Tillsonburg 

Waterloo 


>    80 


<10 


80 


lona  Island*^ 


50%  or   more  of  samples  from  all  STPs  were  acutely  toxic  to  rainbow  trout  (100% 
mortality  in  m  hours). 

British  Columbia  data  from  Higgs  (1977c). 


BOD^  removal  efficiencies  were  30%  and  27%,  respectively.  Total  ammonia-N 
concentrations  in  the  effluents  were  2'f.l  mg/L  at  Annacis  Island  and  9.35  mg/L  at  lona 
Island. 

The  actual  contribution  of  industrial  flow  to  these  plants  is  not  available.  Application  of 
the  HAZPRED  methodology  established  for  this  study  resulted  in  categorization  of  the 
lona  Island  plant  as  having  major  industrial  input,  and  the  Annacis  Island  plant  as 
receiving  domestic  wastewater  only.  The  latter  plant  receives  industrial  wastewater 
discharged  by  pulp  and  paper  mills,  lumber  processors,  metal  fabricators  and  metal 
finishers,  food  processors,  and  petroleum  and  petrochemical  plants.  The  influent  BOD5 
of  the  Annacis  Island  plant  is  also  almost  25%  higher  than  the  BOD3  of  lona  Island 
sewage.  Consequently,  the  industrial  component  of  the  flow  to  Annacis  Island  has  been 
rated  as  minor  for  this  investigation. 

All  four  samples  of  Annacis  Island  effluent  caused  100%  mortality  in  the  test  fish  within 
21^  hours,  while  three  of  four  samples  of  lona  Island  effluent  caused  100%  mortality  in  m- 
hours.   These  data  have  been  included  with  the  Ontario  data  in  Table  7 A. 

Because  almost  all  of  the  primary  effluents  tested  were  treatment  plants  receiving  a 
major  industrial  input,  the  effect  of  industrial  contribution  cannot  be  assessed  from  these 
data.  The  effect  of  process  efficiency  on  primary  effluent  toxicity  similarly  cannot  be 
stated  definitively  because  none  of  the  primary  effluents  had  total  ammonia-N 
concentrations  less  than  10  mg/L  (except  for  lona  Island)  or  BOD^  removal  efficiencies 
greater  than  80%.  It  is  clear,  however,  that  a  poor  quality  effluent,  as  produced  by 
primary  treatment  alone,  is  acutely  lethal  to  the  test  organism  (rainbow  trout). 

7.3.2       Secondary  Plants 

The  report  by  Metikosh  et  aL  (1980)  was  the  principal  source  of  data  for  evaluating  the 
impact  of  process  efficiency  on  the  toxicity  of  secondary  effluents.  The  toxicity  testing 
program  for  that  study  was  conducted  in  two  phases  to  provide  data  representing  both 
summer  and  winter  operating  conditions.  The  summer  program  lasted  from  22  August  to 
2^*  October  1977,  and  the  winter  program  from  03  January  to  13  February  1978. 
Operating  data  for  these  two  periods  are  reported  in  Table  7.5. 
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In  both  sampling  programs,  BOD^  removal  efficiencies  were  high  at  all  plants  tested. 
BOD^  removals  exceeded  90%  in  all  cases,  except  for  the  Hespeler  and  Guelph  1  plants  in 
the  summer  test  period,  when  the  BOD^  removal  efficiencies  were  87  and  88%, 
respectively.  Consequently,  all  of  the  plants  included  in  this  study  were  producing  a  good 
quality  effluent  with  respect  to  carbon  oxidation. 

Total  ammonia-N  concentrations  were  generally  higher  in  the  treatment  plant  secondary 
effluents  during  the  winter  program  than  during  the  summer.  Total  ammonia-N 
concentrations  ranged  between  0.1  and  12.5  mg/L  in  the  summer  period  and  from  0.2  to 
26.0  mg/L  during  the  winter  program. 

The  food-to-microorganism  (F/M)  ratio  is  a  process  operating  parameter  describing  the 
organic  loading  treated  by  the  biological  section  of  a  treatment  plant.  Low  food-to- 
microorganism  ratios  (e.g.,  0.05  to  0.15  day"  )  are  typical  of  extended  aeration  plants, 
while  conventional  activated  sludge  plants  maintain  an  F/M  ratio  between  0.2  and  OA 
day"  .  Plants  operating  with  an  F/M  ratio  above  O.'*  day"  are  considered  high  rate 
activated  sludge  facilities  (Metcalf  and  Eddy,  1972).  At  low  F/M  ratios,  populations  of 
nitrifying  bacteria  may  become  well  established  in  aeration  tanks,  resulting  in  lower 
total  ammonia-N  concentrations  in  effluents. 

The  range  of  F/M  ratios  observed  in  Table  7.5  suggests  that  the  plants  examined  ranged 
from  extended  aeration  (e.g.,  St.  Jacobs,  Grand  Valley,  Clarkson)  through  conventional 
activated  sludge,  and  up  to  a  few  high  rate  systems  (e.g.,  Hespeler  in  the  winter  period 
and  Waterdown). 

The  process  operating  efficiency  and  industrial  flow  criteria  were  applied  to  the 
secondary  effluent  data  to  assess  their  impact  on  effluent  toxicity.  The  resulting  matrix 
is  summarized  in  Table  7.6.  As  noted  above,  there  were  no  treatment  plants  with  BODr 
removal  efficiencies  less  than  80%,  and  so  this  factor  cannot  be  evaluated.  For  plants 
discharging  effluents  with  greater  than  10  mg/L  of  total  ammonia-N,  regardless  of 
industrial  input,  the  effluents  were  usually  acutely  lethal.  In  nine  of  the  I'f  tests  in  this 
grouping  (Ontario  data  only),  acute  mortality  was  observed  in  30%  or  more  of  the 
samples  collected  from  each  plant.  In  another  three  tests,  the  effluents  were  classified 
as  intermittently  lethal  (i.e.,  less  than  50%  of  sample  collected  were  acutely  toxic). 
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For  the  treatment  plants  with  less  than  10  mg/L  of  total  ammonia-N  in  their  effluents, 
toxicity  levels  were  much  lower.  Only  five  of  the  tests  at  Ontario  plants  produced  acute 
lethality  in  10  to  ^9%  of  samples  collected  from  each  plant.  All  of  the  other  treatment 
plant  effluents,  with  total  ammonia-N  less  than  10  mg/L,  were  non-lethal.  In  the  five 
tests  in  which  toxicity  was  observed,  there  were  no  supporting  data,  such  as  metals  or 
residual  chlorine,  which  could  be  identified  as  causing  toxicity. 

In  the  study  by  Metikosh  £t^  (1980),  acute  lethality  of  the  secondary  effluents  was 
demonstrated  regularly  when  the  total  ammonia-N  concentration  exceeded  10  mg/L.  Of 
the  f*  lethal  Ontario  effluents  (some  from  the  same  plant,  but  during  different  seasons) 
in  this  grouping,  12  were  from  the  winter  test  period.  This  suggests  a  strong  relationship 
between  the  time  of  the  year,  total  ammonia-N  concentration  and  effluent  toxicity. 

Most  secondary  plants  were  in  the  major  industrial  category,  and  so  evaluation  of 
importance  of  industrial  components  is  difficult.  The  limited  data  suggest  that  the 
relative  industrial  flow  contribution  has  little  effect  on  the  acute  lethality  of  the 
secondary  effluents  when  the  total  ammonia-N  concentration  exceeds  10  mg/L.  When 
the  effluent  total  ammonia-N  level  was  less  than  10  mg/L,  however,  industrial 
contribution  may  have  had  some  impact  on  effuent  toxicity.  In  this  latter  grouping, 
acute  lethality  was  only  observed  when  the  industrial  input  was  major,  in  five  of  28 
effluents  tested.  Two  plants.  Kitchener  and  Lakeview,  were  responsible  for  these 
observations.  It  is  possible  that  some  unidentified  contaminants  resulting  from  industrial 
activity  were  responsible  for  the  toxic  responses  observed  at  these  two  plants.  Because 
the  categories  for  minor  industrial  and  domestic  sources  are  limited,  it  is  not  possible  to 
accurately  gauge  the  importance  of  industrial  loading  to  toxicity  of  secondary  effluents. 

Data  from  a  survey  by  Higgs  (1977b,  d,  e,  f)  with  respect  to  effluent  toxicity  in  British 
Columbia  treatment  plants  have  also  been  included  in  Table  7.6.  The  four  secondary 
effluents  are  all  domestic,  according  to  the  industrial  flow  component  contribution.  The 
effluent  from  Cache  Creek  was  of  poorer  quality,  with  a  BOD5  removal  efficiency  less 
than  80%  (based  on  organic  carbon  and  chemical  oxygen  demand  removals),  and  total 
ammonia-N  concentration  greater  than  10  mg/L.  All  effluent  samples  from  Cache  Creek 
were  acutely  toxic. 
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Effluents  from  the  Mission  and  Penticton  treatment  plants  both  were  greater  than  10 
mg/L  in  total  ammonia-N,  while  BOD^  removal  efficiencies  were  in  excess  of  80%.  Ail 
samples  of  the  Penticton  effluent  were  acutely  lethal,  while  the  Mission  effluent  samples 
were  non-lethal. 

Finally,  effluent  from  the  Prince  George,  B.C.  plants  had  a  total  ammonia-N 
concentration  less  than  10  mg/L;  the  BOD^  removal  efficiency  was  greater  than  80%. 
The  Prince  George  effluent  was  found  to  be  non-lethal. 

The  B.C.  data  reported  by  Higgs  (1977)  reinforce  the  trends  noted  for  Ontario  data 
summarized  in  the  report  by  Metikosh  et  aU  (1980),  in  that  effluents  tend  to  be  acutely 
toxic  if  the  total  ammonia-N  concentration  exceeds  10  mg/L.  The  importance  of 
industrial  flow  contribution  to  the  B.C.  plants  cannot  be  assessed  because  ail  are 
domestic. 

Tests  were  also  conducted  using  rainbow  trout  on  toxicity  of  effluents  from  the  Waterloo 
and  Welland  treatment  plants  in  Ontario.  In  both  cases,  BOD3  removal  efficiency  was 
greater  than  80%,  and  total  ammonia-N  concentrations  were  less  than  10  mg/L.  Welland 
is  considered  to  have  a  major  industrial  flow  component  by  the  HAZPRED  procedure, 
while  the  Waterloo  plant  has  been  estimated  to  have  a  minor  flow  component  (in  contrast 
to  Metikosh  et  ah  (1980)  who  reported  a  major  industrial  input  for  Waterloo).  In  both 
cases,  the  secondary  effluents  before  disinfection  were  not  acutely  toxic  to  the  fish. 

Additional  effluent  toxicity  data  with  summarized  operating  conditions  are  reported  in 
Tables  1.1  and  7.8.  The  toxicity  data  on  these  two  tables  are  not  directly  comparable 
with  the  results  of  Metikosh  et  aL  (1980)  or  Higgs  (1977),  who  reported  toxicity  values  as 
the  fraction  of  the  total  number  of  samples  that  were  acutely  lethal.  The  toxicity  data 
in  Tables  1.1  and  7.8  are  reported  as  LC50  values.  A  number  of  trends  are  worth  noting, 
however.  The  relative  industrial  contribution  did  not  appear  to  affect  effluent  toxicity 
in  Table  7.7.  The  Cornwall,  Ontario  and  Winnipeg,  Manitoba  South  End  plants,  both 
considered  to  treat  wastewater  with  a  major  industrial  contribution,  were  often  not 
lethal.  The  result  with  Cornwall  effluent  is  surprising  because  it  is  a  primary  treatment 
plant.  The  BOD^  removal  efficiency  was  only  19%  in  the  month  the  toxicity  testing  was 
performed.  A  low  ammonia-N  concentration  of  3  mg/L  may  have  resulted  in  the 
relatively  low  toxicity  of  this  primary  effluent. 
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TABLE  7.8: 

EVALUATION  OF  PROCESS  OPERATION  ON  EFFLUENT  TOXICITY 

AT  REGINA, 

SASKATCHEWAN  STP  (after  ref. 

12) 

Total 

BOD3  Removal 

NH3-N 

LC50 

Effluent  Type 

Date 

Efficiency  (%) 

(mg/L) 

PH 

(%  effluent) 

Alum  Clarifier 

08.77 

99 

23.<f 

7.1 

GT  100 

Effluent 

09.77 

98 

9.2 

6.8 

GT  100 

09.77 

96 

31.7 

6.8 

GT  100 

09.77 

98 

22.6 

6.9 

L  100 

i\.77 

99 

8.3 

6.6 

GT  iOO 

n.77 

98 

23.5 

6.8 

GT  100 

12.77 

98 

33.9 

6.8 

GT  100 

12.77 

98 

30.4 

7.1 

GT  100 

12.77 

98 

19.5 

7.0 

L  100 

Lime  Clarifier 

08.77 

96 

17.5 

11.9 

L  100 

Effluent 

08.77 

99 

21A 

11.7 

L  100 

09.77 

99 

8.5 

11.8 

L  100 

09.77 

97 

27.0 

12.1 

L  100 

09.77 

99 

23.2 

12.1 

L  100 

10.77 

99 

13A 

11.9 

L  100 

11.77 

99 

8.3 

11.6 

L  100 

11.77 

iOO 

12.3 

11.6 

L  100 

12.77 

99 

29.5 

11.1 

L  100 

12.77 

97 

26.2 

11.5 

L  100 

12.77 

97 

28.9 

11.3 

L  100 

Neutralized 

08.77 

96 

17.5 

9.3 

L  100 

Lime  Clarifier 

96 

17.5 

8.5 

L  100 

Effluent 

10.77 

99 

13.* 

5.8 

GT  100 

Combined 

08.77 

97 

20.2 

9.9 

L  100 

Effluent 

09.77 

96 

7.3 

10.^ 

L  100 

Unneutralized 

09.77 

97 

28.1 

9.8 

L  iOQ 

09.77 

98 

21.9 

9.6 

L  100 

11.77 

99 

8.3 

9. It 

L  100 

11.77 

99 

31.0 

9.2 

10-35 

12.77 

98 

3itA 

9.0 

L  100 

12.77 

98 

28.9 

8.9 

L  100 

12.77 

96 

29.9 

9.6 

L  100 

Combined 

11.77 

99 

8.3 

7.6 

GT  100 

Effluent 

11.77 

99 

31.0 

8.0 

73-100 

Neutralized 

12.77 

98 

3^.4 

8.2 

L  100 

12.77 

96 

28.9 

7,6 

GT  100 

12.77 

96 

29.9 

&A 

L  100 

The  effect  of  BOD5  removal  efficiency  on  effluent  toxicity  was  not  well  defined.  Some 
toxicity  was  associated  with  effluents  when  BOD^  removals  were  less  than  80%  (i.e.,  at 
Cornwall  and  Winnipeg  South  End).  Effluent  toxicity  was  also  observed  in  some  cases 
when  BOD^  removal  efficiencies  exceeded  80%.  The  data  appear  to  indicate  that 
effluent  toxicity  is  more  probable  when  the  BOD^  removal  efficiency  is  less  than  80% 
due  to  poorer  removal  of  contaminants  such  as  ammonia  or  trace  organics. 

No  definitive  trends  were  noted  for  ammonia  concentrations  relative  to  toxicity.  When 
concentrations  of  ammonia  exceeded  10  mg/L,  the  effluent  was  more  likely  to  be  toxic 
than  not.  The  data  presented  in  Figure  ^A  indicate  that  effluent  toxicity  is  less  probable 
if  the  ammonia-N  concentration  is  less  than  10  mg/L.  In  a  number  of  tests,  however, 
ammonia  levels  exceeded  10  mg/L  and  the  effluent  was  found  to  be  non-lethal. 

In  a  survey  of  influent/effluent  toxicity  at  six  Ohio  municipal  activated  sludge  treatment 
plants,  Neiheisel  et  al.  (1988)  concluded  that  toxicity  reduction  or  pass- through  at  the 
plants  did  not  correlate  strongly  with  the  presence  or  absence  of  industrial  wastewater 
sources.  While  BOD  and  solids  removal  was  efficient  at  all  plants,  toxicity  reduction  was 
highly  variable.  The  Akron  STP,  for  example,  which  receives  industrial  inflows, 
demonstrated  the  highest  influent  toxicity  and  also  the  greatest  toxicity  reduction. 

The  data  for  these  studies  of  secondary  effluents  indicate  that  the  total  ammonia-N 
concentration  is  important  to  effluent  toxicity.  Total  ammonia-N  concentrations  appear 
to  be  of  particular  concern  in  winter.  The  effect  of  BOD^  removal  efficiency  could  not 
be  evaluated  because  removal  efficiencies  were  greater  than  80%.  Also,  the  effect  of 
industrial  contributions  to  effluent  toxicity  at  Ontario  STPs  is  difficult  to  assess  because 
the  data  do  not  adequately  address  all  industrial  loading  categories. 

7.3.3       Lagoons 

Fewer  data  are  available  regarding  toxicity  of  lagoon  effluents.  Metikosh  et  ah  (1980) 
have  reported  that  effluent  samples  from  the  Listowel,  Markdale  and  Wingham  lagoons 
during  summer  operation  were  all  not  acutely  toxic  to  rainbow  trout.  BOD^  removal 
efficiencies  exceeded  80%  for  these  lagoons,  based  on  1977  operating  records,  and  total 
ammonia-N  concentrations  were  in  the  range  of  3  to  'f  mg/L  during  the  toxicity  testing. 
Wingham  and  Markdale  were  reported  to  treat  only  domestic  wastewater,  while  Listowel 
treated  wastewater  with  a  major  industrial  flow  component  (Metikosh  et  ah,  1980). 
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Toxicity  of  the  lagoon  effluents  during  winter  months  was  much  more  variable.  An 
attempt  was  made  to  categorize  the  lagoon  samples  according  to  the  operating 
efficiency  and  industrial  input  criteria  using  influent  BOD3  data  from  the  1977  and  1978 
operating  summaries  prepared  by  the  MOE.  Monthly  data  corresponding  to  effluent 
BOD5,  total  ammonia-N  and  toxicity  data  reported  by  Metikosh  et  ah  (1980)  were  used 
where  possible.  Where  influent  BOD5  data  were  missing,  the  1977  or  1978  annual 
average  was  used,  as  appropriate.  The  results  are  summarized  in  Table  7.9. 

Of  the  five  lagoons  tested  for  toxicity,  only  Listowel  was  considered  to  have  a  major 
industrial  input,  whereas  the  remainder  were  considered  to  treat  domestic  wastewater 
only.  In  the  Listowel  effluent,  the  total  ammonia-N  concentration  exceeded  10  mg/L 
from  February  through  April  1978,  although  the  BOD5  removal  efficiency  was  close  to  or 
greater  than  80%  in  this  program.  All  effluent  samples  from  Listowel  were  found  to  be 
not  acutely  toxic  to  rainbow  trout,  in  spite  of  total  ammonia-N  concentrations  as  high  as 
12.5  mg/L  as  nitrogen.  Effluents  from  the  other  lagoons  were  usually  lethal  to  rainbow 
trout  when  the  total  ammonia-N  concentration  was  greater  than  10  mg/L  and  the  BOD5 
removal  efficiency  was  less  than  80%.  Although  no  clear  trend  was  evident,  it  did  appear 
that  low  BOD5  removal  (i.e.,  less  than  80%  efficiency)  was  an  indicator  of  toxic  effluent, 
possibly  due  to  some  other  contaminant  or  factor  (e.g.,  hydrogen  sulphide  or  low  D.O.) 
present  under  that  situation.  For  the  lagoons,  an  total  ammonia-N  concentration  greater 
than  10  mg/L  did  not  appear  sufficient  in  itself  to  cause  acute  lethality;  combined  with 
low  BOD3  removal  efficiency,  however,  total  ammonia-N  concentration  above  10  mg/L 
usually  resulted  in  toxic  effluents. 

Two  biological  degradation  mechanisms  operate  in  lagoon  treatment  systems  which  are 
not  aerated.  At  the  surface,  the  exchange  of  oxygen  allows  aerobic  bacteria  to  oxidize 
nitrogenous  wastes  (nitrification).  In  the  anaerobic  layer  beneath,  different  bacteria 
degrade  organic  matter  to  methane.  These  bacteria  will  preferentially  reduce  available 
sulphates  causing  the  production  of  H2S.  The  H2S  is  released  as  a  gas  during  most  of  the 
year,  but  remains  dissolved  in  the  water  when  ice  cover  prevents  its  escape.  Toxicity  is 
related  to  the  amount  of  H2S  versus  HS"  and  is  pH-dependent.  Decomposition  in  the 
winter  tends  to  depress  the  pH  of  the  lagoon  causing  the  equilibrium  to  shift  towards  the 
production  of  H2S,  making  the  effluent  progressively  more  toxic.  Peak  toxicty  in  lagoons 
likely  occurs  at  the  time  of  spring  turnover  (the  rising  temperature  causes  the  ice  to 
melt  and  the  mixing  of  the  water  column)  when  H2S  trapped  in  bottom  sediments  is 
added  to  that  accumulated  in  the  water  column. 
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TABLE  7.9:  CATEGORIZATION  AND  TOXICITY  OF  LAGOON  EFFLUENTS  BASED 

ON  PROCESS  EFFICIENCY  AND  INDUSTRIAL  FLOW  CONTRIBUTION 
(after  Metikosh  et  al.,  1980) 


Effluent 

Total 

Ammonia-N 

BOD_5  Removal 

Major 

(mg/L) 

Efficiency  (%) 

Domestic 

Input 

Industrial  Input 

NH3>10 

>80% 

Markdale 
Tavistock 

12.77+ 

01.78.01 

0^^.78.02** 

05.78** 

05.78 

Listowel 

02.78.01 
0Z78.02 
03.78.02 
0^.78 

<  80% 

Markdale 

Wing  ham 
Mitchell 

01.78.02 

01.78.03** 

02.78** 

03.78.02** 

0^.78.01** 

02.78.02** 

03.78.01** 

03.78.02** 

03.78** 

Listowel 

03.78.01 

Tavistock 

01.78** 
02.78** 

NH3<  10 

>80% 

Wing  ham 

Mitchell 
Tavistock 

01.78.01 

01.78.02 

02.78.01* 

05.78* 

12.77 

01.78 

12.77 

Listowel 

12.77 

01.78.01 

01.78.02 

<  80% 

Wingham 

Mitchell 
Tavistock 

12.77 

0tt.7i.02 
02.78** 
0^.78 
03.78** 

*     acute  mortality  in  >0  to  '^9%  of  samples. 
**  acute  mortality  in  >  50%  of  samples. 
"*"  Recorded  as  month'year. 


Since  aerated  lagoons  have  at  most  only  a  shallow  anaerobic  layer  on  the  bottom,  H2S  is 
not  produced  in  great  quantity.  In  addition,  with  sufficient  retention  times,  nitrification 
is  enhanced  over  non-aerated  cells.  Both  factors  would  lead  to  a  less  toxic  effluent,  and 
was  demonstrated  in  the  experiment  by  Metikosh  et  aL  (1980)  where  the  aerated  lagoon 
effluent  from  Listowel  was  consistently  non-toxic  even  during  the  winter. 

Higgs  (1977)  reported  that  two  lagoons  in  British  Columbia  at  Williams  Lake  and  Clinton 
produced  effluents  that  were  not  acutely  toxic  when  tested  in  August  1976.  Although 
BOD^  removal  efficiency  could  not  be  determined,  total  ammonia-N  concentrations  were 
1.7  mg/L  for  Clinton  and  0.2  mg/L  for  Williams  Lake.  The  results  are  consistent  with 
Ontario  lagoon  effluents  tested  in  the  summer  by  Metikosh  et  al.  (1980). 

The  results  of  a  toxicity  testing  program  at  the  Regina,  Saskatchewan  STP  are  reported 
in  Table  7.8.  In  all  tests,  BOD  removal  efficiencies  were  greater  than  80%.  Whenever 
the  ammonia  concentration  in  the  effluent  was  less  than  10  mg/L  and  when  the  pH  was 
less  than  8.0,  effluents  were  non-lethal.  Addition  of  lime  for  enhanced  suppended  solids 
or  phosphorus  removal  caused  effluent  pH  values  to  increase.  At  elevated  pHs,  effluents 
were  found  to  be  lethal  even  when  ammonia-N  levels  were  less  than  10  mg/L.  The 
lethality  of  the  effluents  with  higher  pH  values  (greater  than  8)  was  due  in  part  to  higher 
concentrations  of  unionized  ammonia,  as  discussed  in  greater  detail  in  Section  '♦.l. 

In  toxicity  tests  conducted  on  effluent  treated  with  alum,  or  with  lime  followed  by 
neutralization,  samples  were  found  to  be  non-lethal,  with  ammonia  levels  above  10  mg/L 
and  as  high  as  33.9  mg/L  (Table  7.8).  The  Regina  data  also  indicate  that  effluents  are 
not  likely  to  be  toxic  if  the  total  ammonia  concentration  is  less  than  10  mg/L,  and  where 
pH  is  less  than  8.0.  Effluents  may  not  be  toxic  at  total  ammonia-N  levels  greater  than 
10  mg/L  but,  under  the  observed  conditions,  at  neutral  pH,  some  were  observed  to  be 
toxic  when  ammonia-N  exceeded  10  mg/L. 

The  lagoon  effluent  toxicity  data  are  limited.  Toxicity  was  observed  in  winter  and  not 
summer  samples.  The  toxicity  in  winter  appeared  to  be  due  to  a  combination  of  total 
ammonia-N  levels  above  10  mg/L  and  other  factors  operative  when  the  BOD^  removal 
efficiency  was  less  than  80%.  Elevated  total  ammonia-N  concentrations  alone  did  not 
appear  to  be  solely  responsible  for  lagoon  effluent  toxicity.  The  effect  of  industrial 
input  to  a  lagoon  on  effluent  toxicity  could  not  be  assessed. 
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7.*  Upset  of  STPs  by  Chemicals  or  pH 

Effluent  quality  depends  on  the  operating  efficiency  of  an  STP.  Toxicity  of  an  effluent 
may  also  depend  on  how  well  the  treatment  process  is  functioning.  Wastewater 
containing  elevated  levels  of  chemicals  or  extreme  pH  values  may  disrupt  the  treatment 
processes  (particularly  biological  processes)  resulting  in  discharge  of  poor  quality  and/or 
toxic  effluents.  In  order  to  assess  the  extent  of  the  problem,  provincial  MOE  and 
municipal  officers  were  contacted  to  provide  specific  information  on  treatment  plant 
upsets  that  were  caused  by  chemicals  or  pH. 

A  list  of  the  officers  contacted  in  this  survey  is  provided  in  Table  7,10.  In  general,  the 
survey  identified  few  treatment  plants  that  were  experiencing  operating  problems  due  to 
chemicals  or  extreme  pH  values  in  the  wastewater.  The  most  common  response  was  that 
the  officers  were  not  aware  of  any  problems  at  STPs  under  their  jurisdiction. 

Plants  where  problems  were  specifically  identified  are  summarized  in  Table  7.11.  The 
cause  of  the  upsets  included  textile  industry  related  chemicals,  metals,  surfactants  and 
acidic  or  alkaline  wastes. 

Excessive  foam,  reduced  aeration  efficiency,  higher  effluent  BOD3  and  suspended  solids 
levels  are  associated  with  surfactants  at  the  Lakeview,  Elmira,  North  Toronto  and 
Cobourg  plants.  Process  upsets  as  a  result  of  caustic  soda  causing  elevated  pH  values 
were  relatively  isolated  events  at  Huron  Park  and  North  Toronto.  The  Cobourg 
treatment  plant  has  experienced  both  acidic  and  alkaline  conditions,  resulting  in  higher 
effluent  BOD^  and  suspended  solids,  on  a  more  regular  basis.  Metals  have  been 
implicated  as  causing  process  difficulties  at  Oshawa  Harmony  Creek  No.  1  and  Cobourg, 
but  the  problems  are  reported  to  last  less  than  a  week.  Elevated  nickel  concentration  in 
wastewater  treated  by  the  Watt's  Creek  treatment  plant  did  not  affect  the  activated 
sludge  process,  but  the  anaerobic  digesters  were  adversely  affected  and  did  not  recover 
for  two  to  three  months. 

At  some  plants,  process  upsets  are  a  single  isolated  event,  while  other  plants  suffer 
operating  difficulties  on  a  frequent  basis  (e.g.,  Iroquois,  Mississauga,  Lakeview).  Most 
plants  indicate  that  they  recover  in  a  relatively  short  period  of  time  (e.g.,  less  than  a 
week),  and  so  no  major  remedial  action  is  taken.    The  greatest  observed  impact  of  the 
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TABLE  7.10:  SURVEY  OF  POLLUTION  CONTROL  OFFICIALS  CONCERNING  STP 

UPSETS  CAUSED  BY  CHEMICALS  OR  pH 


Affiliation 


Contact 


Comments 


MOE,  London  South 
MOE,  London  North 

MOE,  Owen  Sound 
MOE,  Sarnia 
MOE,  Windsor 
MOE,  Cambridge 


MOE,  Hamilton- 
Wentworth 

MOE,  Welland 

MOE,  Barrie 

MOE,  Halton-Peel 


Fred  Durham 
Vic  Danely 

Wiliard  Page 
Kal  Haniff 
3im  Drummond 
Bruce  Kramer 


MOE,  Haldimand-Norfolk-      John  Cooke 
Brant 


John  Vogt 

Dave  Ireland 

Ian  Gray/Roy  Frederick 

George  Nelson 


MOE,  Metro  Toronto  East       Russ  Boyd/Mike  Thorn 

MOE,  Metro  Toronto  West      John  Mills/ 

Frank  Morton 


MOE,  Muskoka-Haliburton      Terry  Healy 
MOE,  Peterborough  Jacques  Bourque 

MOE,  York-Durham  Don  Perie 


MOE,  Cornwall 
MOE,  Kingston 


Bill  Spencer/ 
Ron  Robertson 


No  reply 

Some  plating  operations  discharge 
to  plants,  but  cause  no  problem 

See  Table  7.11 

No  reply 

No  reply 

No  problems  noted 

Only  problems  are  related  to 
excessive  BOD^  from  cannery  and 
pickle  packer 

Hamilton  plant  suffered  BOD 
overload  due  to  vegetable  oil  spill 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

Hastings  plant  was  overlooked  by 
BOD  discharged  by  a  leather 
tannery 

No  problems  noted 

No  problems  noted 

No  problems  noted 

Iroquois  plant  -  see  Table  7.1 1 


Don  Currie/Jack  Pruner      No  problems  noted 


TABLE  7.10:  SURVEY  OF  POLLUTION  CONTROL  OFFICIALS  CONCERNING  STP 

UPSETS  CAUSED  BY  CHEMICALS  OR  pH 


Affiliation 


Contact 


Comments 


MOE,  Ottawa 

MOE,  North  Bay 

MOE,  Sault  Ste.  Marie 

MOE,  Sudbury 

MOE,  Timmins 

MOE,  Kenora 

MOE,  Thunder  Bay 

Region  of  Halton 

Region  of  Niagara 

Region  of  Peel 

City  of  London 

Region  of  Waterloo 

Elmira  WPCP 

Cobourg  WPCP 

Region  of  Hamilton- 
Wentworth 

Metro  Toronto 

Oshawa  Harmony  Creek 


Bob  Dunn/Dick  Gietz 

Cord  Johnson 

Bruce  Cave/Mort  Taylor 

Lawrence  Oliviar 

Ken  Gibson 

3ohn  Barr 

Dave  Shantz 

Len  Yust 

Mike  Glynn 

Gerry  Healy 

R.J.  Collins 

Dave  Andrews 

Don  Nicholls 

Brian  Davey 

Toe  Blake 

Vic  Lim 

Leslie  Birta 
Peter  Rupke 


Watts  Creek  -  see  Table  7.11 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

No  problems  noted 

See  Table  7.11 

No  problems  noted 

No  problems  noted 

See  Table  7.11 

See  Table  7.11 

No  problems  noted 

See  Table  7.11 
See  Table  7.11 
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Irralnicni  Plant  C.uisi-  ol  Dpsot 


l"rf  qurncy 


Lllcrl  on  Pl.ittt 


Corrective  Mc.r 


Regular  iy 
Metal  fixative  (or  dyes  Regularly 


Sodium  hydrosulfite 
(dye  stabilizer) 


Produces  H^S  and  odour 
problems 


Installing  prc-aeration  fo 
H^S  removal 


Aflects  phosphorus  removal  None  as  yet 


Nepean  (Watts 
Creek) 


Nickel  in  anaerobic 
digester 


Once,  Spring  1983  Digester  gas  produciK 

stopped 


Lime  addition  plus  reseedmg 
with  sludge  from  Green's  Creek 
digesters.    Downtime  was  approJt 
two  to  three  months 


Mississauga 
(Lakeview) 


Non-ionic  surfactant 


Monthly;  each 
episode  lasted  a 
few  hours 


Foam,  high  BODj  in 
effluent 


Problem  corrected  at  source 


Caustic  soda 


Spring  1986 
December  1986 


pH  12  or  higher,  killed 
mixed  liquor 


Did  not  reseed;  wasted  aeration  to 
digesters;  back  in  operation  m 
eight  to  nine  days 


Woolwich  Twp. 
(Elmira) 


Surfactant  (?) 


Approx.  3  to  ^ 
times  per  year 


Heavy  foam  in  aeration 
tanks  and  clanfiers  clogs 
sand  filters,  causes  high 
effluent  suspended  solids 


Change  in  location  of  anti-foam 
injection  by  chemical  plant 


North  Toronto 


Once  per  year  or 


Once  approx.  6 
years  ago 


Temporary  higher  effluent 
BOD 


High  pH  killed  mixed 
liquor 


None;  only  lasts  for  a  day  or  two 
None;  operational  after  two  weeks 


Cobourg 


Cr,  2n,  Pb,  pH  and 
surfactant 


Approx.  3  to  ^ 
times  per  year 


Unknown  discharge  from       Tw 
tannery 


Elevated  BOD5  and  TSS 
for  approx.  two  days 

Toxic  effect  on  mixed 
liquor  caused  high  BOD  and 
TSS 


None;  only  lasts  for  about  two 
days 

None  due  to  unknown  substance; 
each  episode  lasted  about  one 
month 


Oshawa  Harmony        Plating  waste 
Creek  No.  1 


Approx.  every  other        Trickling  filter  changes 
week  colour,  loses  solids  m 

effluent 


Oshawa  Harmony        Pesticides 
Creek  No.  2 


Every  spring  for 
the  last  3  years 


Substantial  toxic  impact  on 
mixed  liquor  biomass;  higher 
effluent  BOD5  and  TSS 


|)r(H:css  upsets  is  reported  to  be  cletcrioratiiij',  effluent  (jnality  hased  on  l^Oh^  .ind  TSS 
rncasurcinents.  liffluent  toxicity  as  a  result  of  these  process  upsets  lias  not  been 
determined. 

The  survey  has  indicated  that  certain  treatment  plants  are  subject  to  process  upsets  due 
to  chemicals  or  pH  excursions.  It  is  perhaps  surprising  that  more  treatment  plants  were 
not  identified  as  having  process  upsets  due  to  pH  or  chemical  problems.  This  may  be  due 
to  a  lack  of  communications  between  operating  and  administrative  staff,  or  a  reluctance 
to  indicate  that  a  treatment  plant  is  suffering  from  process  upsets. 

7.5  Summary 

Data  relating  industrial  input  to  sewage  treatment  plant  effluent  toxicity  is  limited, 
particularly  with  respect  to  plants  receiving  domestic  wastewater  only,  or  wastewater 
with  a  minor  industrial  input.  However,  descriptions  of  final  effluent  toxicity  as  a 
function  of  plant  treatment  type,  hydraulic  loading  as  a  fraction  of  design  capacity,  BOD 
removal,  and  effluent  concentrations  of  ammonia  were  adequate  to  identify  discrete 
groups  of  sewage  treatment  plants. 

Primary  effluents  were  almost  always  observed  to  be  acutely  lethal.  Both  high  total 
ammonia-N  concentrations  and  poor  BOD^  removal  efficiency  (less  than  80%),  as  well  as 
other  factors  such  as  trace  contaminants,  may  be  responsible  for  the  toxic  effects.  The 
importance  of  industrial  loadings  in  primary  plants  could  not  be  assessed. 

Secondary  plants,  in  spite  of  high  BOD5  removal  efficiencies  (e.g.,  greater  than  80%), 
effluents  were  frequently  toxic  if  the  total  ammonia  N  concentration  exceeded  10 
mg/L.  This  was  very  often  the  case  during  winter  operation,  with  high  total  ammonia-N 
levels  apparently  resulting  from  reduced  nitrification  at  lower  wastewater 
temperatures.  In  the  secondary  plants  where  total  ammonia-N  did  not  appear  to  be  the 
controlling  toxic  contaminant,  some  moderate  toxicity  may  result  from  industrial 
contaminants.  Again,  because  of  the  limited  database,  the  importance  of  poor  BOD^ 
removal  efficiency  and  industrial  flow  contribution  could  not  be  evaluated. 

Lagoon  effluent  toxicity  was  most  frequently  associated  with  both  high  total  ammonia-N 
concentrations  and  poor  BOD^  removal  efficiency,  rather  than  with  high  total  ammonia- 
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N  concentrations  alone.  Toxicity  data  for  lagoon  effluents  were,  however,  very  limited. 
As  with  the  primary  effluents,  tiic  toxicity  may  he  due  to  ammonia  or  oilier  toxicants 
such  as  hydrogen  sulphide  that  may  be  present  under  conditions  characterized  by  poor 
BOD^  removal  efficiency.  The  importance  of  industrial  loadings  to  lagoon  effluent 
toxicity  could  not  be  evaluated. 

Based  on  the  review  of  treatment  process  operations,  total  ammonia-N  appears  to  be  the 
most  reliable  indicator  of  acute  lethality  measured  in  sewage  treatment  plant  effluents. 
It  should  be  emphasized,  however,  that  the  studies  reviewed  could  not  provide  sufficient 
evidence  to  assess  the  importance  of  BOD^  removal  efficiency  or  industrial 
contributions. 
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8.0  CONCLUSIONS  AND  RECOMMENDATIONS 

8. 1  Conclusions 

Review  of  toxicity  and  process  data  for  plants  indicated  that: 

o  The  available  Ontario  and  Western  Canada  prinnary  STP  data  indicate 
primary  effluents  are  generally  acutely  lethal.  Secondary  and  lagoon 
treatment  plants  produce  effluents  of  variable  quality.  It  would  seem, 
therefore,  that  lethality  is  not  related  simply  to  the  type  of  treatment 
process  involved  (i.e.,  primary,  secondary  or  lagoon),  but  to  conditions 
specific  to  each  plant  as  well. 

o  Ammonia  toxicity  has  been  demonstrated  in  laboratory  tests  of  STP 
effluents  in  Ontario.  Chlorine  toxicity  in  effluents  has  been  shown  in 
continuous-flow  tests  in  the  laboratory,  as  well  as  in  in  situ  field  studies. 
Conventional  static  bioassays  allow  dissipation  of  total  residual  chlorine  and, 
therefore,  result  in  an  inaccurate  reflection  of  its  toxic  potency.  At  some 
STPs,  other  toxic  components  may  be  involved  (i.e.,  metals,  surfactants, 
organics,  etc.). 

o  Process  operating  efficiency,  as  measured  in  terms  of  NH^-N  is  a  more 
reliable  determinant  of  effluent  lethality  than  the  type  or  amount  of 
industrial  input.  However,  the  data  available  for  this  review  on  industrial 
inputs  were  limited. 

o  Both  high  total  ammonia-N  concentrations  and  poor  BOD^  removal 
efficiency  may  be  responsible  for  the  toxic  effluents  from  primary  plants. 

o  In  secondary  plants,  in  spite  of  high  BOD^  removal  efficiencies  (e.g.,  greater 
than  80%),  effluents  were  frequently  toxic  if  the  total  ammonia-N 
concentration  exceeded  10  mg/L.  This  was  very  often  the  case  during 
winter  operation,  with  high  total  ammonia-N  levels  apparently  resulting 
from  reduced  nitrification  at  lower  wastewater  temperatures. 

o  Effluent  toxicity  associated  with  lagoon  operation  was  most  frequently 
associated  with  both  high  total  ammonia-N  concentrations  and  poor  BOD^ 
removal  efficiency,  rather  than  with  high  total  ammonia-N  concentrations 
alone.  As  with  the  primary  effluents,  the  toxicity  may  be  due  to  ammonia 
or  other  toxicants  such  as  hydrogen  sulphide. 
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o  The  amount  of  receiving  water  dilution  available  for  an  effluent  will 
determine  the  downstream  area  where  toxic  effects  will  be  observed. 
Fiecciving  water  lethality  has  been  demonstrated  in  effluent  plumes  below 
some  Ontario  STP  outfalls.  Estimated  instantaneous  dilution  factors  for 
several  Ontario  STPs  suggest  that  there  are  undoubtedly  some  plants  which 
will  generate  substantial  toxic  impact  zones.  The  physical  and  chemical 
characteristics  of  each  receiving  water  body  may  also  affect  the  toxicity  of 
various  components  of  the  effluent,  as  well  as  their  persistence. 

o  Biological  tests  of  treatment  plant  effluents  can  reliably  predict  whether 
the  receiving  waters  are  affected  by  the  discharge.  Acute  and  chronic  tests 
with  a  variety  of  representative  receiving  water  species  provide  a  good 
estimation  of  field  effects. 

o  Information  on  sublethal  or  chronic  effects  of  treated  STPs'  effluents  was 
limited  in  the  literature. 

8.2  Recommendations 

The  authors  of  this  report  recommend  that  an  intensive  evaluation  of  STP  effluent 
toxicity  be  completed  on  selected  plants  from  each  category  identified  in  Table  8.1  to 
demonstrate  achievable  effluent  quality  expressed  as  acute  and/or  chronic  toxicity  in 
well  operated  sewage  treatment  plants.  The  following  items  should  be  incorporated  in 
the  study: 

o  the  10  mg/L  total  ammonia  "toxicity  indicator  level"  should  be  verified  and 
the  data  expressed  as  the  toxic  un-ionized  ammonia  concentration  to 
improve  comparability  of  the  data; 

o  sublethal  or  chronic  toxicty  tests  of  effluent  quality  should  be  included  in 
the  field  program; 

o       toxic  effluents  should  be  further  analyzed  to  identify  toxic  agents;  and 

o  field  assessments  should  be  completed  to  more  clearly  define  the  limits  of 
TRC  toxicity  and  distinguish  effects  from  those  attributable  to  other 
toxicants.  Field  calibration  of  laboratory  data  would  then  improve 
interpretation  of  laboratory  test  results. 
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The  Ontario  sewage  treatment  plants  listed  in  Table  8.1   have  been  selected  with  the 
above  recommendations  in  mind  and  through  the  use  of  the  following  selection  criteria: 

o       hydraulic  loading  of  75  to  110%  of  design  capacity; 

o       BOD  removal  efficiency  of  80%  for  lagoons  and  secondary  plants,  and  50% 

for  primary  plants;  and 
o       effluent  ammonia  concentration  of  less  than  10  mg/L  for  zero  to  six  months, 

or  less  than  10  mg/L  on  an  annual  basis. 
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Dechlorination  Methods 


APPENDIX  B:       DECHLORINATION  METHODS 

The  following  informstlon  is  summarized  from  Snoeyink  and  Suidan  (1975). 

Dechlorination  with  Sulphur  Compounds 

The  use  of  sulphur  compounds  is  the  most  common  procedure  employed  to  eliminate  or 

reduce   chlorine   residual.      Sulphur   dioxide    is   most  common  procedure   employed   to 

eliminate  or  reduce  chlorine  residual.    Sulphur  dioxide  is  most  common,  and  is  added  as  a 

gas  to  water  forming  sulphurous  acid  (H2SO3).     The  acid  partly  ionizes  to  HSO3"  and 

2 
SO3  ~,  the  degree  of  which  is  dependent  on  pH.    Sodium  bisulphite  (NaHS03)  and  sodium 

sulphite  (Na2S03)  are  alternative  sources  for  S  (+  IV)  required  for  dechlorination. 
The  SO2  reaction  in  chlorinated  water  produces  as  follows: 

SO2  +  H20  +  Hoci — ►3H''  +  so^^-  +  cr,  (1) 

with  free  chlorine  (hypochlorous  acid) 

and         SO2  +  2H2O  +  NH2CI— i-NH/^""  +  2H"'  +  SOi^^~  +  CI",  (2) 

with  monochloramine 

These  reactions  occur  almost  instantaneously.  A  reaction  similar  to  (2)  occurs  with 
dichloramine,  nitrogen  trichloride  and  poly-N-chlor  compounds.  It  is  noteworthy  that  the 
chloramine-N  is  reconverted  to  ammonia. 

The  S  (+  IV)  will  also  react  with  DO  and  may  necessitate  reaeration: 

O2 +  2SO2  +  2H2O— ^'fH-' +  2SOi,^"  (3) 

Sodium  thiosulphate  reacts  more  slowly  with  residual  chlorine  than  S  (+  IV)  compounds. 
Several  stoichiometric  reactions  have  been  proposed  (Equations  ^  to  6),  but  the  exact 
nature  of  thiosulphate-chlorine  interactions  is  not  well-defined: 

2  Na2S203  +  H"^  +  HOCI— ►S^Og^"  +  '^Na*  +  CI"  +  H2O  (4) 


B.l 


Na2S203  +  ^HOCI  +  H2O— ^6H'^  +  2SO^^"  +  ''CI*  +  2Na"'  (5) 

Na2S203  +  HOCl— *^2Na'*^  +  SO^,^"  +  S  +  H"*^  +  CI"  (6) 

Dechlorination  with  Hydrogen  Peroxide 

Hydrogen  peroxide  has  not  been  used  extensively  for  dechlorination,  but  the  following 
reaction  is  thought  to  take  place: 

HOCl  +  H2O2— *'02  (aq)  +  H""  +  CI"  +  H2O  (7) 

The  production  of  O2  means  reaeration  would  not  be  necessary,   A  problem  with  H2O2  is 
the  possibility  that  it  will  be  reduced  by  organic  matter. 
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APPENfDIX  C 

Concentrations  of  Contaminants  in 
Canadian  STP  Effluents 
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Ml  TAI    I  I  Vr  I  S  IIF-.TICTI  II  IN  IINAI.  11  II  HINTS  Of  CAN  AhlAN  STI"' 


STP 

Date 

Cu 

Fe 

Ni 

I'b 

Zn 

Al 

Cd 

Mn 

Cr 

Hg 

CN 

Process 

Annacis  Island 

06.10.76 

0.10 

0.7 

L  0.05 

0.02 

0.16 

L  0.3 

LO.Ol 

0.09 

0.03 

L  0.20 

L  0.03 

Primary 

07.10.76 

0.06 

0.80 

L  0.05 

L  0.02 

0.16 

L0.3 

L  0.01 

0.08 

0.03 

0.21 

0.01 

OS. 10.76 

0.05 

0.78 

L  0.05 

L  0.02 

0J5 

L  0.3 

L  0.01 

0.09 

0.03 

0.21 

0.03 

06.10.76 

0.02 

LU 

L  0.05 

0.02 

0.12 

L  0.3 

L  0.01 

0.09 

0.03 

0.21 

0.06 

07.10.76 

0.07 

1.3 

L  0.05 

L  0.02 

0.09 

L  0.3 

L  0.01 

OJO 

0.03 

0.25 

0.07 

OS.10.76 

0.05 

1.1 

L0.0  5 

L  0.02 

0.10 

L  0.3 

L  0.01 

0.09 

0.02 

0.25 

0.06 

06.10.76 

0.13 

1.1 

L  0.05 

L  0.02 

0.16 

L0.3 

L  0.01 

0.08 

0.0  3 

L0.2 

0.01 

07.10.76 

O.lii 

1.1 

L  0.05 

L  0.02 

0.16 

L  0.3 

L  0.01 

0.09 

0.02 

L  0.2 

0.01 

OS.10.76 

0.15 

1.1 

L  0.05 

L  0.02 

0J5 

L  0.3 

L  0.01 

0.09 

0.03 

L0.2 

0.06 

Cache  Creek 

31.08.76 

LO.Ol 

0.19 

L  0.05 

L  0.02 

0.28 

L  0.3 

L  0.01 

0.05 

0.1 

L  0.03 

CAS 

01.09.76 

L  0.01 

0.16 

L  0.05 

L  0.02 

C.01 

L0.3 

L  O.OI 

0.05 

L  0.02 

1.3 

L0.03 

02.09.76 

LO.Ol 

0.15 

L0.05 

L  0.02 

0.05 

L0.3 

L  O.OI 

0.01 

L  0.02 

0.2 

L  0.03 

03.09.76 

0.01 

0.11 

L  0.05 

L  0.02 

0.02 

L  0.3 

L  0.0! 

0.05 

L  0.02 

0.63 

L  0.03 

31.08.76 

0.07 

0.21 

L  0.05 

L  0.02 

0.11 

L  0.3 

L  O.OI 

0.01 

L  0.02 

L  0.2 

L  0.03 

01.09.76 

L  0.01 

0.16 

L0.05 

L  0.02 

0.06 

L  0.3 

LO.Ol 

0.01 

L  0.02 

L0.2 

L  0.03 

02.09.76 

L  0.01 

0.11 

L  0.05 

L  0.02 

0.02 

L0.3 

LO.Ol 

0.01 

L  0.02 

L0.2 

L0.03 

03.09.76 

0.01 

0J2 

L  0.05 

L  0.02 

0.01 

L0.3 

L  0.01 

0.01 

L  0.02 

L  0.2 

L0.0  3 

City  of 

30.11.76 

0.02 

0.57 

L0.02 

L  0.1 

0.056 

L  0.5 

L  0.011 

0.20 

L  0.015 

L  0.20 

CAS 

Moosejaw  ASP 

City  of 

30J1.76 

0.06 

0.95 

L  0.02 

L  0.1 

0J26 

L  0.5 

L  0.011 

0.56 

L  0.015 

L  0.20 

. 

EA 

Yorkton  EAP 

Clinton  STL 

01.08.76 

L  0.01 

0.08 

L  0.05 

L  0.02 

0.06 

L  0.3 

L  0.01 

L  0.03 

L  0.02 

L  0.2 

L  0.0  3 

Lagoon 

0<».08.76 

0.01 

0.01 

L  0.05 

L  0.02 

0.03 

L0.3 

L  0.01 

0.0  3 

L  0.02 

L  0.2 

- 

lona  Island 

1971* 

0.10 

0.53 

L  OJ 

L  0.02 

0.09 

L  0.01 

L  0.06 

L  0.08 

L  0.8 

L  0.03 

Primary 

17.08.76 

0.03 

0.33 

L0.05 

0.03 

L0.3 

L0.1 

0.01 

0.02 

L  0.20 

L  0.03 

18.08.76 

0.02 

0.52 

L  0.05 

0.02 

0J7 

L  0.3 

LOJ 

0.06 

0.02 

0.20 

0.05 

17.08.76 

0.07 

0.29 

L  0.05 

L0.02 

- 

L  0.3 

L0.1 

0.01 

L0.02 

L0.02 

0.05 

18.08.76 

0.11 

0.38 

L  0.05 

L  0.02 

OJl 

L0.3 

LOJ 

0.06 

L0.02 

L  0.02 

0.05 

Lions  Gate 

197'* 

0.18 

0.81 

LO.l 

0.02 

0.10 

L  0.0  3 

0.03 

L  0.0  3 

L  0.8 

L  0.03 

Primary 

Lulu  Island 

197* 

0.15 

2.3 

0.01 

0.20 

0.01 

OJ 

OJl 

OJl 

Primary 

Mission  PCC 

06.09.76 

0.02 

0.33 

L  0.05 

0.05 

0.10 

L  0.3 

L  0.01 

0.05 

0.03 

0.27 

L  0.0  3 

HRAS 

07.09.76 

0.02 

0.19 

L0.05 

L  0.02 

0.11 

L  0.3 

LO.Ol 

0.01 

0.02 

0.28 

L  0.03 

08.09.76 

0.01 

0.21 

L  0.05 

L  0.02 

0.10 

L0.3 

L  0.01 

0.07 

L  0.02 

0.60 

L  0.03 

09.09.76 

0.02 

0.27 

L0.05 

L  0.02 

0.01 

L0.3 

L  O.OI 

0.01 

L  0.02 

0.37 

L  0.03 

06.09.76 

0.01 

0.37 

L  0.05 

L  0.02 

0.29 

L  0.3 

L  0.01 

0.05 

0.01 

0.10 

L0.03 

07.09.76 

0.01 

OJl 

L  0.05 

L  0.02 

0.26 

L  0.3 

L  0.01 

L0.03 

L0.02 

0.23 

L  0.03 

08.09.76 

0.02 

0.29 

L  0.05 

L  0.02 

0.29 

L  0.3 

L  0.01 

0.01 

L  0.02 

0.28 

L  0.03 

09.09.76 

0.01 

0.26 

L  0.05 

L  0.02 

0.06 

L  0.3 

L  0.01 

0.06 

L  0.02 

0.37 

L  0.03 

North 

01.12.76 

0.09 

0.70 

L  0.02 

L  0.1 

0.085 

L0.5 

L  0.011 

0.58 

L  0.015 

L  0.20 

. 

Lagoon 

Battletord  ALS 

North  End  STP, 

07.03.75 

0.068 

0.290 

0.038 

L  0.05 

0.230 

L  0.005 

L  0.005 

Secondary 

Winnipeg 

20.11.75 

0.007 

0.06  3 

0.033 

L  0.002 

0.072 

0.0 

0.016 

Penticton  WQCC 

20.07.76 

0.03 

0.35 

L  0.05 

L  0.02 

0J9 

L  0.3 

L  O.OI 

0.09 

L  0.02 

L  0.2 

L  0.03 

CAS 

21.07.76 

0.03 

0.10 

L  0.05 

L  0.02 

O.IO 

L  0.3 

L  O.OI 

0.05 

L  0.02 

1.9 

L  0.03 

22.07.76 

0.03 

0J5 

L  0.05 

L0.02 

0.20 

L  0.3 

L  0.01 

0.06 

L  0.02 

L  0.2 

L  0.03 

23.07.76 

0.02 

0.12 

L  0.05 

L0.02 

0.18 

L  0.3 

LO.Ol 

0.05 

L  0.02 

0.2 

L  0.03 

20.07.76 

0.03 

0.16 

L0.05 

L  0.02 

0J8 

L0.3 

L  0.01 

0.09 

L  0.02 

L  0.02 

0.05 

21.07.76 

0.01 

0.16 

L  0.05 

L  0.02 

O.IO 

L0.3 

L  O.OI 

0.07 

L  0.02 

L0.02 

0.03 

22.07.76 

0.02 

0.19 

L0.05 

L  0.02 

0J2 

L  0.3 

L  0.01 

0.08 

L  0.02 

L  0.02 

0.07 

23.07.76 

0.02 

0.16 

L  0.05 

L  0.02 

0.37 

L0.3 

L  O.OI 

0.07 

L  0.02 

L  0.02 

0.05 

Prince  George 

1 '(.09.76 

O.Of 

0.15 

L  0.05 

L  0.02 

0.08 

L  0.3 

L  0.01 

0.06 

L  0.02 

L0.2 

0.08 

HRAS 

15.09.76 

0.03 

0.12 

L  0.05 

L  0.02 

0.06 

L0.3 

L  O.OI 

0.06 

L  0.02 

L  0.2 

0.08 

1 '..09.76 

0.06 

OJl 

L  0.05 

L  0.02 

0.08 

L  0.3 

L  O.OI 

0.07 

L  0.02 

0.2 

0.08 

15.09.76 

O.Oit 

0.11 

L  0.05 

L  0.02 

0.06 

L  0.3 

L  0.01 

0.05 

L  0.02 

L  0.2 

0.06 

Saskatoon 

01.12.76 

0.03 

0.33 

L  0.02 

L  OJ 

0.018 

L  0.5 

L  0.011 

0.07 

L  0.015 

L  0.20 

Primary 

PTP 

01.12.76 

0.0* 

0.38 

L  0.02 

L  0.1 

0.07 

L  0.5 

L  0.011 

0.08 

L  0.015 

L  0.20 

Primary 

Milliams  Lake 

1  1.08.76 

0.02 

0.01 

L  0.05 

L  0.02 

0.12 

L0.3 

L  O.OI 

L  0.0  3 

L0.02 

L  0.2 

0.08 

Lagoon 

12.08.76 

0.03 

L  0.03 

L  0.0  5 

L  0.02 

L  0.3 

L  0.01 

L  0.03 

L  0.02 

L  0.2 

0.07 

11.08.76 

0.02 

0.05 

L  0.05 

L  0.02 

OJO 

L  0.3 

L  O.OI 

L  0.03 

L0.02 

L  0.2 

0.08 

12.08.76 

0.02 

0.08 

L  0.05 

L  0.02 

L  0.3 

L  O.OI 

L  0.03 

L  0.02 

L0.2 

0.08 

CAS        -    conventional  activated  sludj 

EA  -   extended  aeration. 

HRAS     -    high  rate  activated  sludge. 
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TABLE  C7:        CONCENTRATIONS  OF  ORGANICS  IN  WELLAND  SEWAGE  TREATMENT 
PLANT  EFFLUENT  (ug/L) 


Sample  I,'*-  Trichloro- 

Date  Phenolics     Chloroform  Dichlorobenzene     ethylene         Toluene       P&M-Xylene 

In        Out  In         Out  In         Out      In         Out         In        Out 


High  Load 


19.08.86 

3A 

6.67 

1.00 

1.93 

1.00 

1.00 

0.50 

0.50 

0.25 

0.25 

0.25 

20.08.86^ 

5.0 

^.19 

1.00 

2.29 

0.50 

1.00 

0.50 

1.17 

0.25 

4.32 

0.67 

22.08.86'^ 

3A 

3.33 

1.00 

2.56 

1.00 

0.50 

0.50 

0.25 

0.25 

0.25 

0.25 

23.08.86'^ 

1.0 

3.73 

1.01 

2.0ii 

1.00 

0.50 

0.50 

0.50 

0.25 

0.25 

0.25 

2^^.08.86^'^ 

2A 

5.73 

l.l'* 

2.32 

1.00 

0.50 

0.50 

0,95 

0.25 

0.50 

0.25 

27.08.86^ 

[.0 

0.50 

2.19 

2.19 

1.00 

0.50 

0.50 

0.50 

0.25 

0.25 

0.25 

Low  Load 

20.08.86^ 

5.0 

2.75 

1.00 

1.58 

1.00 

0.50 

0.50 

0.63 

0.25 

0.25 

0.25 

21.08.86 

l.H 

it.7l 

1.00 

1.87 

0.50 

1.00 

0.50 

1.5'f 

0.25 

0.25 

0.25 

22.08.86 

8.8 

3.it0 

1.00 

2.30 

2.10 

1.00 

0.50 

0.63 

0.25 

0.25 

0.25 

2if.08.86'''^ 

1.6 

3.56 

1.00 

2.6^^ 

1.00 

1.00 

0.50 

1.58 

0.25 

0.25 

0.25 

27.08.86 

2.^ 

3.10 

0.50 

2.1^ 

1.00 

0.50 

0.50 

0.91 

0.66 

0.76 

0.25 

^  Non-chlorinated  and     chl 

orinated  sample 

toxic  to 

Daphnia  mag 

^na. 

^  Influent  sample  toxic  to  Salmo  gairdneri. 

Influent  sa 

mple  toxic  to  Daphnia 

magna. 

APPENDIX  D 

Performance  Evaluation  for  Ontario  STPs 
Based  on  Monthly  Ammonia  Data 
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APPENDIX  F 
Maps  of  Ontario  STPs 
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WATER   POLLUTION  CONTROL  PLANTS 
IN  ONTARIO  MOE  NORTHWESTERN  REGION 
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WATER    POLLUTION   CONTROL   PLANTS 
IN  ONTARIO  MOE  SOUTHEASTERN  REGION 
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WATER   POLLUTION    CONTROL   PLANTS 
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WATER  POLLUTION  CONTROL  PLANTS 
IN  ONTARIO  MOE  WEST  CENTRAL  REGION 
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